MuHHCTepCTBO HAYKH M Bbiciiero odopasosanust Poccuiickoii ®@enepanun

®DenepalibHOE FOCYAaPCTBEHHOE 0I0/IKeTHOE 00pa3oBaTe/IbHOe
yupeskieHHe BbIcIIero 00pa3oBaHus
Cankr-IleTepOyprekuii ropHblii yHUBepCHTET

Kadenpa unocTpaHHBIX SI3BIKOB

WHOCTPAHHBIN SI3BIK

JQJIEKTPOHUKA N HAHODJIEKTPOHHUKA.
CUJIOBAS SJIEKTPOHUKA

FOREIGN LANGUAGE
ELECTRONICS AND NANOELECTRONICS.
POWER ELECTRONICS

Memoouueckue yKazanus K RPAKmMu4ecKum 3aHamusam
ona cmyoenmos mazucmpamypuol Hanpaenenusa 11.04.04

CAHKT-IIETEPBYPT
2023

)  JOKYMEHT ODOJIHCAH VCHIEEHOR
% KEATHSHIHPOE AHHOR
" 4 SMEXTPOHHOHN OMTHCEID

Ceprmdmezr: 00F3 503F 235D 4337 7604 4643 BDYB D20 12
Enagensy: [Tameeery Haranes BrammmpoEEa
Jedtcrentenes: € 17.12.2022 mo 21.03.2024

~




VK 811.111 (073)

HUHOCTPAHHBIN SI3BIK. J/1eKTPOHHKA H HAHO3IEKTPOHHKA. CuioBas
JJIEKTPOHMKA. MeTomuyeckie yKa3aHWs K [pakThueckuM 3aHstusM /  CaHkT-
[erepOyprexuii ropuslii yausepcuret. Cocr. E.A. Konvyosa, C.A. boiiko CII6, 2023. 36 c.

JlaHHBIE METOJNYECKUE YKAa3aHUsSI COCTABIICHBI I MCIIOJIB30BaHUs HA MPAKTH-
YECKUX 3aHATHAX N0 aucuuivHe «MHocTpanHbii sa3b1k». [Ipeqnaraemplil MaTepuan Ha-
[paBJICH Ha pa3BUTHE HABBIKOB TEXHHMYECKOTO IEPEBO/IA, aHAIN3a OPUTHHAIBEHOM JIuTepa-
TYpBI 0 CHELHUAIBHOCTH, HAKOIUICHHE M YCBOCHHE JICKCHYECKOTO MaTepHala B pamKax
npodeccHoHaNEHON TeMaTHKH, MpPEOJOJICHHEe TPYTHOCTEH INepeBoja W HpHOOpeTeHHe
Pa3TOBOPHBIX HABBIKOB IO CHEIHATEHOCTH.

Meroaudeckue yKa3aHUS MpEeIHAa3HAUCHBl IS CTYICHTOB CIENUaIbHOCTH
11.04.04 «OnexTpoHUKA M HAHODJIEKTPOHUKAY», H3YJaIONINX aHTJIHHCKHUHN S3BIK.

Hayunsiii pegakrop moueHT kaua. Gpuion. Hayk J.A. 3ubpos

Penensent kana. ¢unon. Hayk O.B. Emenvanosa (Cankt-IlerepOyprekuii rocy-
JTapCTBEHHBIN YHHUBEPCHUTET)

© Canxkr-IletepOyprexuit
ropHslil yHuBepcutet, 2023



BBEJEHMUE

JlaHHBIE METOOMUYECKHE YKAa3aHUS K MPAKTUYECKUM 3aHATHAM 10
AHITIMHACKOMY SI3bIKY IpEIHAa3HAueHbl Ul CTYICHTOB CIELUAJIBbHOCTH
11.04.04 «3OnekTpoHUKa ¥ HAHOIJIEKTPOHHKAY», HAMIPABIEHUS MOATOTOB-
k1 «CujoBasi 3JIEKTPOHHKA». MeToauyecKue yKa3aHUsl COCTaBIECHBI B
COOTBETCTBHH C Y4€OHOW MporpaMMoi mo aucruruimHe «/HOCTpaHHBIN
SI3BIK» I (POPMHUPOBAHUS HHOSI3BIYHOM MPOECCHOHANBHON KOMITETEH-
UK OyAYIIMX CHEIHUAIUCTOB.

[IpenoskeHHbIE METOAMYECKHE MaTepUabl IpeJHa3HAYCHbl IS
ayIUTOPHOM paboThl CTYJEHTOB U COCTOSIT U3 IISITH Pa3lelioB, COAEpKa-
mux UHGOPMAIMIO O HAHORJIEKTPOHUKE U CHIIOBOH 3ieKTpoHHKe. Kax-
IbI TEKCT CONPOBOKAAETCS KOMIUIEKCOM IPENTEKCTOBBIX U IOCIETEK-
CTOBBIX 33/laHUH W yNPaKHEHWUH, HAIIPABICHHBIX Ha KOHTPOJb TOHUMa-
HUS IPOYUTAHHOTO MaTepuana, GOPMHUPOBAHHE YMEHUSI OPUEHTUPOBATH-
Csl B OPUTHHAJIBHBIX HAYYHO-TEXHUUECKUX TEKCTaX, OTPabOTKY U 3aKperi-
JICHHE JIEKCUKO-TPAaMMAaTHUECKOI'0 MaTepHuana B yCTHOM pedH, KOHTPOJIb
HaBBIKOB IIEPEBO/IA.

W3yyeHne mpeioskeHHOTO MaTepraia UMEeT IeNbI0 Pa3BUTHE U
COBEpILICHCTBOBAHUE HABBIKOB YTCHHMS M NEPEBOJAa OPUTMHAIBHON Hayd-
HOW JIMTEPATypHl 110 HAHOZJEKTPOHUKE U CHIIOBOM 3JIEKTPOHMKE, PACIIH-
pEeHHE CIOBapHOTO 3araca, NPeoJioeHne TPYIHOCTEeH MepeBojia U MpH-
oOpeTeHne pa3rOBOPHBIX YMEHHU B cdepe MpoheCCHOHATBHON NeATeNb-
HOCTH.



UNIT 1IMICROELECTRONIC TRANSISTORS

TEXT 1.1 Structure and Operation
1 Read and translate the text.

In digital circuits, the transistor is usually used as a two-state de-
vice, or switch. The state of a transistor can be used to set the voltage on
a wire to be either high or low, representing a binary one or zero, respec-
tively, in the computer. Logical and arithmetic functions are implemented
in a circuit built using transistors as switches.

The transistor’s second function in a computer is amplification. A
small input electrical signal can control an output signal many times larg-
er. Amplification allows signals to be transmitted through switches inside
the computer without loss of strength. The primary types of transistors in
use today are the FET (filed-effect transistor), in which a voltage is im-
posed on the device to control a second output voltage or current, and the
bipolar junction transistor (BJT), in which a current is used to control
another current.

The metal-oxide semiconductor FET (MOSFET) has been by far
the most common type of transistor in modern microelectronic digital
circuits, since Shockley’s explanation of the device in 1952. Properly de-
signed MOSFET circuits use very little power and are economical to fab-
ricate. As shown in Fig. 1, the field effect transistor has three terminals
which are called the source, the drain, and the gate.




Fig. 1. Schematic cross section of a NMOS transistor. (a) The transistor shown in the
schematic cross section is the basic building block of microcomputers. (b) When there is
no voltage applied to the gate electrode, no current can flow through the semiconductor.

(c) However, when voltage is applied to the gate electrode, the electrons (negative circles)
segregate from the holes (positive circles) to form a “channel” which permits current
(large white hatched arrows) to flow between the source and the drain

Although the novel designs that are discussed below for nanome-
ter-scale electronic switching devices operate according to principles
quite different from a MOSFET, all retain the same essential features: a
source, drain, and (usually) a gate in the same conceptual roles as in a
MOSFET. The channel through which current may flow from source and
drain is altered more drastically in making the transition to nanoelectronic
devices. Thus, to introduce the device components in a relatively familiar
context and to establish a basis for comparison with conventional tech-
nology, we briefly explain the operation of a MOSFET.

The name “metal-oxide-semiconductor field effect transistor”
stems from its constituent materials. MOSFET’s are built upon a crystal-
line substrate of the doped semiconductor silicon. Pure silicon is a very
poor conductor, so dopant impurities, such as boron or arsenic, are intro-
duced into the silicon to create an excess of mobile positive or negative
charges. Negatively doped (N-doped) silicon contains free electrons that
are able to move through the bulk semiconductor. Positively doped (P-
doped) silicon contains electron vacancies, commonly known as “holes,”
which act as positive charges that move freely through the bulk material.

A metal electrode separated from the semiconductor below by an
insulating oxide barrier serves as the gate of the MOSFET, whose voltage
and associated electric field controls the flow of current from the source
to the drain. This is why the device is called a “field-effect” transistor.
When the voltage on the gate is low, the region between source and drain
contains few mobile negative charges, and very little current can flow.
This is shown in Fig. 1(b). However, as illustrated in Fig. 1(c), increasing
this voltage sufficiently attracts electrons to the region under the gate,
opening the channel and allowing masses of electrons to flow from the
source to the drain. This corresponds to a dramatic rise in current [1].



2 Read and translate the following words. Practice pronouncing them
correctly.

Crystalline, drain, drastically, bipolar junction transistor, bulk material,
semiconductor, dopant impurities, sufficiently, circuits, amplification.

3 Give the verbs corresponding to the following nouns:

association, discussion, implementation, representation, attraction, intro-
duction, explanation, transmission.

4 Work with a partner. Discuss the questions below.

= What functions are implemented in a circuit built using transis-
tors as switches?

= When has the metal-oxide semiconductor FET been the most
common type of transistor?

= What allows signals to be transmitted through switches inside the
computer without loss of strength?

= Why are dopant impurities introduced into the silicon?

5 Translate into Russian paying attention to the form of the verb-
predicate in the Passive Voice.

1. This process of nanotechnology engineering is used to produce materi-
als with enhanced properties, like higher durability with less physical
mass. 2. Nanotechnology is used in various fields of applied sciences
such as chemists, physicists, biologists, medical doctors and engineers. 3.
In other words, not only can nanotechnology be used to structure new
types of food ingredients, it can also be used to build new types of food
packages, food quality detection tools, and other types of measurement
and detection systems. 4. Nanomaterials can be used to reinforce mechan-
ical strength, enhance gas barrier properties, increase water repellence,
and provide antimicrobial and scavenging activity to food packaging. 5.
For the small size of the nanoelectronic device cannot be used for the
moving of heavy load like a mechanical device. 6. This small power can
be used to power up devices placed inside the body like pacemakers or
sugar-fed nanorobots.



TEXT 1.2 Obstacles to Miniaturization
1 Translate the following words.

Dissipation, circuitry, intractability, gate length, the avalanche break-
down, depletion, nonuniformity, scaling result, unevenness, evident,
thermodynamic, molecular scale, quantization, gallium arsenide.

2 Match the words to make collocations. Translate into Russian.

1 electron A arsenide

2 current B surges

3 fundamental C regime

4 dense D tunneling

5 molecular E transistors

6 gallium F circuitry

7 nanometer-scale | G limitations

8 electronic H nanoelectronics
9 microelectronic I network

3 Scan the text to discover the right variant of mentioned above col-
locations.

Despite formidable challenges, however, many of those in the re-
search community and industry do envision close variants of conventional
microelectronic transistors becoming miniaturized into the nanometer-
scale regime. For example, The National Technology Roadmap for Semi-
conductors, published by the Semiconductor Industry Association, pro-
jects that chips will be made from transistors with major features (gate
lengths) of 70 nm in the year 2010.

Individual working transistors with 40 nm gate lengths have al-
ready been demonstrated in silicon. Transistors with gate lengths as
small as 25 nm have been made using gallium arsenide. It is unclear,
though, whether such transistors can be made sufficiently uniform and
reliable to build a densely integrated computer containing a billion or
more of them. Additionally, a dense network of such transistors could
be slowed down by the flow of current through extremely narrow wires
from one device to the next. Detailed treatments of the fundamental limi-
tations upon small electronic circuitry and of the scaling problem for
FET’s (filed-effect transistor) may be found elsewhere in the literature,
including this issue of the Proceedings. However, to provide points of
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reference for contrasting nanoelectronic devices with scaled-down FET’s,
a few of the obstacles to FET scaling are simply enumerated below, in
increasing order of their intractability.

High electric fields, due to a bias voltage being applied over very
short distances, can cause “avalanche breakdown” by knocking large
numbers of electrons out of the semiconductor at high energies, thus caus-
ing current surges and progressive damage to devices. This may remain a
problem in nanoelectronic devices made from bulk semiconductors.

Heat dissipation of transistors (and other switching devices), due
to their necessarily limited thermodynamic efficiency, limits their density
in circuits, since overheating can cause them to malfunction. This is likely
to be a problem for any type of densely packed nanodevices.

Vanishing bulk properties and nonuniformity of doped semicon-
ductors on small scales. This can only be overcome either by not doping
at all (accumulating electrons purely using gates, as has been demonstrat-
ed in a GaAs heterostructure) or by making the dopant atoms form a regu-
lar array. Molecular nanoelectronics is one path to the latter option.

Shrinkage of depletion regions until they are too thin to prevent
guantum mechanical tunneling of electrons from source to drain when the
device supposedly is turned off. The function of nanoelectronic devices is
not similarly impaired, because it depends on such tunneling of electrons
through barriers.

Shrinkage and unevenness of the thin oxide layer beneath the gate
that prevents electrons from leaking out of the gate to the drain. This
leakage through thin spots in the oxide also involves electron tunneling.

The thermodynamic obstacle to FET scaling, heat dissipation,
suggests that it would be desirable to find replacements for FET’s that
might permit the construction of circuits that require fewer switching
devices in order to perform the same functions. Below, it is discussed
how alternative nanoelectronic devices can accomplish this. Further, all
but one of the other obstacles to scaling result from the simultaneous de-
crease in the effectiveness of doping and the increase in the significance
of quantum mechanical effects. Once electronic devices approach the na-
nometer and the molecular scale, the bulk properties of solids are re-
placed by the quantum mechanical properties of a relatively few atoms.
Properties associated with uniformly doped semiconductors will become
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less evident and influential in the operation of an electronic device. Quan-
tum mechanical effects, such as energy quantization and tunneling, be-
come much more significant. In order for a transistor-like device to op-
erate on the nanometer- scale and, ultimately, on the molecular scale, it
would be advantageous if it did not depend upon doped materials and if
it operated based on quantum mechanical effects, rather than in spite of
them [2].

4 Translate the text above from English into Russian noticing the
form of the verb-predicate in the Passive Voice.

5 Decide whether the statements are TRUE (T) or FALSE (F).

1. Shrinkage of depletion regions until they are too thin to prevent quan-
tum mechanical tunneling of electrons from source to drain when the de-
vice supposedly is turned off.

2. Quantum mechanical effects, such as energy quantization and tunnel-
ing, become less significant.

3. A dense network of such transistors could be speeded up by the flow of
current through narrow wires from one device to the next.

4. High electric fields, can cause “avalanche breakdown” by knocking
large numbers of electrons out of the semiconductor at high energies.

5. Shrinkage and evenness of the thin oxide layer above the gate prevents
electrons from leaking out of the gate to the drain.

6. Transistors with gate lengths as small as 25 nm have been made using
gallium arsenide.

6 Scan the text above and complete the sentences.

1) The function of nanoelectronic devices is ...

2) Once electronic devices approach the nanometer ...

3) This may remain a problem in nanoelectronic devices ...

4) The thermodynamic obstacle to FET scaling, suggests ...

5) This can only be overcome either by not doping at ...

6) Individual working transistors with 40 nm gate lengths have ...



UNIT 2 NANOELECTRONIC DEVICES
TEXT 2.1 Solid-State Quantum-Effect

1 Read and translate the following words. Practice pronouncing them
correctly.

Gallium arsenide, artificial atoms, mobilities, fabricate, semiconductors,
collisions, coherently, periodic table, confinement, defect-free junctions.

2 Read and translate the text.

A number of nanometer-scale solid-state replacements for the
bulk-effect semiconductor transistor have been suggested to overcome
the difficulties. All of these devices function by taking advantage of
effects that occur on the nanometer-scale due to quantum mechanics. The
essential structural feature that all of these devices have in common is a
small “island” composed of semiconductor or metal in which electrons
may be confined. This island of a nanoelectronic device assumes a role
analogous to that of the channel in an FET (filed-effect transistor). As is
explained in greater detail below, the extent of confinement of the elec-
trons in the island defines three basic categories of solid-state
nanoelectronic devices. Quantum Dots (QD’s or “artificial atoms”). Is-
land confines electrons with zero classical degrees of freedom remaining.
Resonant Tunneling Devices (RTD’s). Island confines electrons with one
or two classical degrees of freedom. Single-Electron Transistors (SET’s).
Island confines electrons with three classical degrees of freedom.

The composition, shape, and size of the island gives the different
types of solid-state nanoelectronic devices their distinct properties. Con-
trolling these factors permits the designer of the device to employ quan-
tum effects in different ways to control the passage of electrons on to and
off of the island. For example, the mean free path of mobile electrons can
be much greater in semiconductors than in metals. Thus a mobile electron
might travel coherently all the way across a semiconductor island, with-
out severe collisions. This means that conductivity of a device can be
strongly enhanced or suppressed by guantum mechanical interference
between separate paths an electron might take through the device. As is
well known, microelectronic devices are made primarily from silicon (Si),
an element in group IV of the periodic table. Presently, however, most
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solid-state nanoelectronic devices incorporate semiconductors made from
combinations of elements from groups Il and V of the periodic ta-
ble—e.g., gallium arsenide (GaAs) and aluminum arsenide (AlAs). The
mobilities of electrons are higher in these I11-V semiconductors, and it is
also easier to fabricate defect-free junctions between different I11-V sem-
iconductors than it is for junctions between two group IV semiconduc-
tors, such as Si and Ge [3].

3 Work with a partner. Discuss the questions below.

= What are the basic categories of solid-state nanoelectronic devic-
es?

= What gives the different types of solid-state nanoelectronic devic-
es their distinct properties?

4 Give the Russian equivalents of the following word combinations.

Mobile electrons; essential structural feature; quantum mechanics;
nanoelectronic device; passage of electrons; defect-free junctions; quan-
tum mechanical interference; taking advantage; degrees of freedom.

5 Insert the appropriate form of the Participle.

1. The materials and devices (to use) in nanoelectronics are so small that
the interatomic interactions and quantum mechanical properties of such
materials need to be studied extensively. 2. This drift, which (to be) wit-
nessed first by examination of the past data, soon (to become) a standard
and objective for the growth of semiconductor technology and manufac-
turing. 3. The technique (to be) based on transforming thin-film growth
thickness control into planar wire arrays. 4. Top-down approach (to dis-
cuss) about the slicing or successive cutting of a bulk material in order to
get nano-dimensional particles. 5. These deficiencies (to lead) to extra
challenges in the device design and construction. 6. Bottom-up method-
ology (to employ) chemistry which (to be) not so expensive, to stimulate
self-assembly of multifarious mesoscopic structures [4].
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6 Fill in the gaps using the words in the box. Translate the text.

bands conduction  tunneling atom semiconductors  quantum

But 1 can occur and charge can flow toward the drain only if there
is an unoccupied 2 energy level in the well at an energy that
matches one of the occupied energy levels in the source band. In extend-
ed systems, such as the bulk metals or 3 in the source and drain,
the allowed energy levels for electrons are so closely spaced that they
form 4 over a range energies, in contrast to the discrete energy
levels in a single or 5 in a nanometer-scale potential well. The
electrons occupying the source 6 band range continuously in en-
ergy from that of the lowest energy level in the band at the “band edge”
to the level of the highest energy conduction electrons at the “Fermi lev-
el”.

7 Translate into English using the appropriate form of the Participle.

1. IIporpecc B 00IacTH HAHOTEXHOJOTHUHM TOJIYIPOBOJHUKOB M CBEPX-
MIPOBOJHMKOB CZEJajl BO3MOXKHBIM IIOJIyYEHHE TBEPAOTEIbHBIX MPHOO-
POB, KOTOpBIE CIIOCOOHBI H3JIy4aTh B TEparepleBOM AMAIa30HE IIUH
BOJIH. 2. HHTCI‘paJ'H)HI)IC CXCEMbI MOI'JIM HECTU COTHU MUJUUIMOHOB TpaH3U-
CTOPOB B OJJHOM KpHUCTajule (MHOTOSZEpPHBIE MPOLECCOPHI - U MHUIUIUAP-
ne1). 3. BomHOBBIE, KBaHTOBBIC, 3aKOHOMEPHOCTH BBIIIUTH Ha TIEPBBIN
IUIaH B HAHOMETpOBOM Maciitade. 4. [Ipu yMeHbIIEHUN pa3MEpOB MPO-
BOJa emé 3aJ0Jro 10 aTOMHOTO YPOBHSI B (PM3HKa MPOLIECCa MEHSUIACh
paaukansHO. 5. B HaHOpa3MepHOM mpoBoie He cobmomaics 3akoH Oma -
BOJIbT-aMIIEpHAsl XapaKTEpPUCTHKA W3 JIMHEWHOM IpeBpallanach B
CTCHCHH}’/IO, MMPOBOJUMOCTb MCHAJIACh B MUJIJIMOH pa3, p€aKlusd Ha Ipu-
MeECH TOKe OblIa CTENeHHOW. 6. B TOHKMX HAaHOMPOBOJIOKAX HIEKTPOH HE
MOT JIOCTHYb BTOPOT0 KOHTAKTa, MUHYS APyTHE 3JIEKTPOHBI - OH UX MPO-
TaJIKUBAJI 1Iepei COOOM, IPU 3TOM MEX/y YacTHUIIAMH BO3HUKAJIO CUIBHOE
KYJIOHOBCKO€ B3aMMOJAEHUCTBUE, pa3feisiics IEpeHoC CIIMHA U 3apsaaa. 7.
KpemHueBast nHTerpajgbHas 3JEKTPOHUKA HE OYE€Hb XOpOLIO padoTana B
JKCTpEMaJIbHBIX YCIOBUSX, HallpuMep, kocmuyeckux. 8. Ilocie ompene-
NEHHBIX OMOJIOTHMYECKUX JOCTHIKEHUIH HAHOTEXHOJIOTUH PACHpOCTPaHU-
JIUCh B MATEPHATIOBEICHUE U XHUMHIO.
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TEXT 2.2 Islands, potential wells, and quantum effects.
1 Read and translate the following text. Make up plan of the text.

The smallest dimension of the island in a solid-state
nanoelectronic device ranges from approximately 5-100 nm. The island
may consist of a small region or layer different from the surrounding ma-
terial. Otherwise, edges of the island may be defined by electric fields
from small electrodes patterned in the shape of the desired island bounda-
ry. Often, the island is embedded between two narrow walls of some oth-
er material, or an insulating oxide of the island material, or an insulating
defect zone in the substrate. In any case, therefore, the island is surround-
ed by potential energy barriers, which impede the movement of elec-
trons in and out of the island region. This is illustrated in Fig. 2, in which

the energy barriers arise from walls of a different material.
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Fig. 2. Quantum well for a resonant tunneling diode (RTD).

The barrier regions around the island in the RTD shown at the
bottom of the figure create the potential energy “well” graphed in the top
part of the figure. Energies of the electrons trapped in the well on the is-
land are “quantized”-they can only have the energy states or “levels”
shown. Mobile electrons in the source region (and the drain region) occu-
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py the energy levels between the band edge and the Fermi level, with un-
occupied energy levels above that in energy. If N mobile electrons are on
the island, the energy cost of adding one more from the source has two
components: the charging energy U, plus the excitation energy. For an
RTD, U usually is even smaller, relative to, than is shown in the figure.

Within the island, mobile electrons will tend to form a puddle
that usually is much smaller than the dimensions of the island. The pud-
dle is surrounded by a depletion region that forms (for example) because
electrons in the puddle are repelled from surface charges that collect on
the boundaries of the island. Thus, the physical features that form the is-
land may have to be fabricated many times the size of the useful region
for electron confinement. This is one factor that works against the minia-
turization of such quantum-effect and single-electron solid-state devices.
(Despite the fact that the depletion region confines mobile electrons to
only a portion of the island, we shall not make a distinction in our termi-
nology between the shape and size of the island and those of the potential
well for electrons on the island.).

Two essential quantum mechanical effects are exhibited by elec-
trons confined to nanometer-scale islands between closely spaced poten-
tial energy barriers. First, quantum mechanics restricts each electron’s
energy to one of a finite number of one-electron energy levels (quantum
states with discrete, “quantized” energies). The smaller the distance be-
tween the barriers (i.e., the smaller the island), the more widely spaced in
energy are the levels for the electrons in the potential well between the
barriers. Second, if the potential barriers are thin enough (approximately
5-10 nm or less, depending on the height of the barriers), electrons occu-
pying energy levels lower than the height of the barrier have a finite
probability of “tunneling” through the barrier to get on or off the island.
However, for an electron of a given energy to tunnel through a barrier,
there must be an empty state with that same energy waiting on the other
side.

These two effects, energy quantization and tunneling, strongly in-
fluence the flow of electrons through a nanoelectronic device. When a
bias voltage is applied across the island, it induces mobile electrons in the
conduction band of the source region to attempt to move through the po-
tential well in the island region to get to the region of lower potential in

14



the drain region. The only way for electrons to pass through the device is
to tunnel on to and off of the island through the two high potential barri-
ers that define the island and separate it from the source and the drain

[5].

2 Answer the following questions.

= What is the only way for electrons to pass through the device?

= What is surrounded by a depletion region?

= What energy levels are occupied with mobile electrons in the
source region?

3 Match the words to make collocations. Translate into Russian.

1 excitation A fields

2 defect B region

3 nanoelectronic C confinement
4 depletion D electrons

5 surface E barriers

6 electric F energy

7 mobile G zone

8 electron H device

9 energy | charges

4 Translate into Russian. Find the Participle I11.

1. Inorganic nanocrystals such as nanotubes and nanowires, named after
their physical shape determined through the use of growth kinetics, were
typically low-dimensional structures. 2. Substantial progress had been
made on carbon nanotube (CNT) from the time of its discovery in the
early 1990s. 3. The use of aligned MWCNTSs delivered a new bottom-up
arrangement for fabricating trustworthy nanoelectrode arrays. 4. High-
resolution thin-film device had been synthesized to sense texture by
means of touch. 5. Thin-film transistors based on controllable electrostat-
ic self-assembled monolayer SWCNT network had been prepared by var-
ying the density of nanotubes on the substrate [6].
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UNIT SMOLECULAR ELECTRONICS
TEXT 3.1 History

1 Read and translate the following terms.

Electrochemical molecular devices, supramolecular structures, covalently
bonded, molecular wires nanometer-scale, photoactive/photochromic mo-
lecular, molecular switches, the photoactive device, molecular electron-
ics.

2 Read and translate the text.

Molecular electronics uses primarily covalently bonded molecu-
lar structures, electrically isolated from a bulk substrate. Devices of this
description, wires and switches composed of individual molecules and
nanometer-scale supramolecular structures, sometimes are said to form
the basis for an “intramolecular electronics”. (This is to distinguish them
from organic microscale transistors and other organic devices that use
bulk materials and bulk-effect electron transport just like semiconductor
devices.).

As indicated above, solids have the significant disadvantage that
it is relatively difficult and expensive to fabricate or “sculpt” in them the
many millions or billions of nearly identical nanometer-scale structures
that will be needed in each ultra-dense computer chip. Individual mole-
cules, natural nanometer-scale structures, easily can be made exactly the
same by the trillions of billions. The great power and variety of organic
chemistry also should offer more options for designing and fabricating
nanometer-scale devices than are available in silicon. Increasingly, this is
driving investigators to design, model, fabricate, and test individual
molecules and nanometer-scale supramolecular structures that act as elec-
trical switches and even exhibit some of the same properties as small sol-
id-state transistors. Molecular electronics does remain a more speculative
research area than solid-state nanoelectronics, but it has achieved steady
advances consistent with Aviram’s strategy for making molecular elec-
tronic circuits viable, inexpensive, and truly integrated on the nanometer
scale.

After more than two decades of work, at least four broad classes
of molecular electronic switching devices can be distinguished in the re-
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search literature: electric-field controlled molecular electronic switching
devices, including molecular quantum-effect devices; electromechanical
molecular electronic devices, employing electrically or mechanically ap-
plied forces to change the conformation or to move a switching molecule
or group of atoms to turn a current on and off; photoactive/photochromic
molecular switching devices, which use light to change the shape, orien-
tation, or electron configuration of amolecule in order to switch a current;
electrochemical molecular devices, which use electrochemical reactions
to change the shape, orientation, or electron configuration of a molecule
and hence to switch a current.

Many examples and details about the various types of molecular
electronic devices are provided in the references cited above and else-
where. Here, however, we shall focus primarily on the first two catego-
ries of molecular electronic devices. The electric- field controlled molec-
ular electronic switches are most closely descended from the solid-state
microelectronics and nanoelectronic devices described above and promise
to be the fastest and most densely integrated of the four categories. The
electromechanical molecular switching devices are also promising, since
they too could be laid down in a dense network on a solid substrate.

Each of the other two categories, while quite promising in gen-
eral, has a major drawback for use in nanocomputers. Photoactive devic-
es in a dense network would be difficult to switch individually, since
light cannot be easily confined on length scales very much below its
wavelength (approximately 500 to 1000 nm). Electrochemical molecular
devices would likely require immersion in a solvent to operate.

Before we discuss specific device designs, however, we provide
some additional background information, plus a discussion on the key
topic of the molecular wires that will be needed to link together such
molecular switches [7].

3 Discuss these questions with a partner.

= What structures can be made identical by the trillions of billions?

= What devices could be laid down in a dense network on a solid
substrate?

= What devices would require immersion in a solvent to operate?

4 Translate into Russian noticing Modal Verbs.
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1. The major conclusion of any review of nanoelectronics must be that
the silicon transistor through CMOS is the dominant technology and will
remain so for the foreseeable future. 2. Nanoelectronics should be dis-
cussed in the background of today's microelectronic capabilities. 3.
Nanomaterials to be used in nanoelectronics must consist of assemblies
of nanostructures workable in different optoelectronics and other devices.
4. Nanotechnology could become the most influential force to take hold
of the technology industry since the rise of the Internet. 5. Nanotechnolo-
gy may make it possible to manufacture lighter, stronger, and program-
mable materials that require less energy to produce. 6. Nanoscale elec-
tronic, magnetic, and mechanical devices and systems with unprecedent-
ed levels of information processing may be fabricated, as may chemical,
photochemical and biological sensors for protection. 7. Nanotechnology
can provide solutions for cleaning contaminated soil and water. 8. The
impact of MTJs on micro and nanoelectronics may go further than tradi-
tional embedded applications, although considerable work is still needed
to develop the alternative paradigms of computation of the future involv-
ing spintronics.

5 Match the following English terms with the Russian equivalents.

1 microscale transistors a  CympaMoOJICKYJSPHBIC CTPYKTYpBI
2 individual molecules b  nanomerpoBas mikaga

3 photoactive devices C  BHYTPHMOJICKYIJSIpHAS SJICKTPOHUKA
4 molecular switches d  HoIyNpoBOTHHUKOBBIC MPHUOOPHI

5  electrochemical reactions €  MOJIeKYJIIpHbIE IPOBOJA

6  molecular electronics f  KoBaJIeGHTHO CBS3aHHBII

7 supramolecular structures g  ¢doroakTHBHBIE yCTpPOICTBA

8  covalently bonded h  smexTpoxmMmueckue peakuuu

9 intramolecular electronics i MHKpoMaciiTaOHbIe TPaH3UCTOPBI
10 semiconductor devices j  MoJeKyNspHas SEKTPOHHUKA

11 nanometer-scale K MonekyIsIpHbIE MEPEKITIOUaTeN
12 molecular wires | oTaenbHBIC MOJIEKYIIBI
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TEXT 3.2 Background
1 Read and translate the following words and word-combinations.

Mechanosynthesis, methods for nanofabrication, molecular rectifier, spi-
ro-switch, molecular rectification, electrical switches, individual mole-
cules, molecular rectification, hemosynthesis, nanoprobes, scanning-
tunneling electron microscope, atomic force microscope.

2 Read and translate the text.

The search for individual molecules that would behave as electri-
cal switches began in 1974, with the pioneering work of Aviram and Rat-
ner, who proposed a theory on molecular rectification. Research on mo-
lecular electronics was stimulated in the early 1980’s by such visionaries
as the late Forrest Carter and by some notable research efforts later in the
decade. Aviram’s further work in the late 1980°s and early 1990’s, helped
enlist a new cadre of investigators and establish a plan for the develop-
ment of the field.

Finally, in the 1990’s, interest in the field has grown rapidly.
Tour et al., have synthesized the spiro-switch proposed by Aviram, and
different variants of the molecular rectifier have been made. Much work
has been done to measure the conductance and other electrical properties
of individual molecules or to model them. This growth has been driven
by recognition of the need for ultra-miniaturization of electronics, and it
has been catalyzed by the wide availability of sensitive new methods for
imaging, manipulating, and fabricating molecular and supramolecular
structures.

Role of New Methods for Nanomanipulation and Nanofabrica-
tion: Although the structure and workings of molecular electronic devices
are emphasized in this overview, no discussion of molecular electronics
can ignore the exciting new methods for nanofabrication that have made
research on molecular electronics feasible and important. Especially sig-
nificant are the methods for mechanosynthesis and chemosynthesis of
nanometer-scale structures. Mechanosynthesis is the fabrication of
nanostructures molecule by molecule using nanoprobes, such as the scan-
ning-tunneling electron microscope (STM), the atomic force microscope
(AFM), and the new microelectromechanical systems (MEMS) chips that
contain arrays of these STM’s and AFM’s.
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These sensitive new tools, invented in the 1980’s, have opened a
plethora of new experimental possibilities with molecules. Nanoprobes
also have provided realtime visual and tactile feedback and an increased
sense of contact with the behavior of the molecular-scale experimental
systems that are essential for progress in molecular electronics. By
providing a means to image and manipulate individual atoms and mole-
cules, STM’s and AFM’s have given much impetus to research on mo-
lecular electronics. The topic of nanoprobes is discussed more thoroughly
in other papers in this issue.

Chemosynthesis includes the growing study of the chemical
“self-assembly” of nanostructures, which also is having considerable im-
pact on the fabrication of solid-state circuit elements. It also includes the
application of methods borrowed from biochemistry and molecular genet-
ics, as well as creative and elegant organic syntheses of molecular elec-
tronic devices in individual organic molecules. As one example of the
application of chemosynthetic self-assembly to molecular electronics, we
note that Martin et al, used a self-assembled Langmuir-Blodgett film to
demonstrate molecular rectification of the type first suggested in
Aviram’s and Ratner’s theory. Also, in very promising recent work, an
interdisciplinary group at Purdue University, West Lafayette, IN, has used
self assembly to fabricate and demonstrate functioning arrays of molecu-
lar electronic quantum confinement structures connected by molecular
wires [8].

3 Decide whether the statements are TRUE (T) or FALSE (F).

1) The sensitive tools, invented in the 1980’s, have opened a plethora of
new experimental possibilities with molecules.

2) The study of the “self-assembly” of nanostructures does not have im-
pact on the fabrication of solid-state circuit elements.

3) Much work has been done to measure the electrical properties of indi-
vidual molecules.
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4 Match the following English terms with the Russian equivalents.

1  feasible a  XEMOCHHTE3

2 mechanosynthesis b  momekymsapras pekTuduKamys
3 nanoprobes C  MOJEKyJsIpHast peKTU(PUKAIUSI
4 spiro-switch d  MOJeKyJIPHBIH BEIIPSIMHTEIb

5 molecular rectification €  OTHCJTbHBIC MOJICKYJIBI

6  hemosynthesis f  MexaHocuHTe3

7 individual molecules g  coupo-IepeKiroyareib

8  molecular rectification h  snexTpuyeckue nepexirouaTeNn
9 electrical switches i BBITTOJTHAMBIN

10 molecular rectifier j HaHO30H/IBI

5 Translate into Russian noticing Modal Verbs.

1. Wearable, flexible nanoelectronics could be embedded in textiles, en-
abling 'smart clothing' of all shapes, sizes, and uses. 2. Nanoelectronics
may use totally different architecture from traditional microelectronics
circuits, and their working principle may be totally different from. 3.
Well-developed nanoelectronics can be applied in different fields, and
are especially useful for detecting disease-causing agents and disease bi-
omarkers. 4. A robust probabilistic modeling and design methodology for
nanoelectronics has to be investigated to handle such a crucial challenge.
5. As the physical barriers are insurmountable for CMOS, this lone star in
the sky of nanoelectronics may no longer be able to bear the burden of
nanoelectronics. 6. Modern advances in nanotechnology have found that
nanoelectronic biosensors could be used to detect and treat cancer, due to
their optical and electrical properties. 7 The responses of the tissue and
cells to the mesh nanoelectronics must be characterized; that is, whether
it elicits an immune response. 8. The silicon-based electronics, the study
of the nanoelectronics has to develop all the conventional electronic
components such as wires, diodes, transistors, and memory devices. 9.
Research in nanoelectronics must undergo a paradigm shift as the CMOS
scaling approaches its ultimate limits. 10. A computer engineering bache-
lor with emphasis on nanoelectronics may select a master programme in
electrical engineering.
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UNIT 4 MOLECULAR ELECTRONIC DEVICES
TEXT 4.1 Switching Devices

1 Read and translate the text.

Electromechanical molecular switching devices are not so closely
analogous to microelectronic transistors as are the molecular devices we
have considered so far. They are controlled by deforming or reorienting a
molecule rather than shifting around electrons. The input may even be
mechanical rather than electrical. However, just like all those other
switches, they can turn on or off a current between two wires, which
makes them interesting for nanocomputing.

Single-Molecule Electromechanical Amplifier. It is already pos-
sible to make such switches composed of only one or a few molecules.
The two researchers — C.Joachim and J.Gimzewski — have been able to
measure conductance through a single buckyball held between an STM
(scanning-tunneling electron microscope) tip and a conducting substrate.
By pressing down harder on the STM tip they deformed the buckyball
and tuned conduction onto and off of resonance, producing a 50% reduc-
tion of current off resonance. The deformation was reversible, a measure
of the strength and resilience of the carbon fullerenes. Clearly it would be
impractical for computers to use an STM to operate each switch, but
C.Joachim and J.Gimzewski recommend replacing the STM tip with a
small in-situ piezoelectric gate or other electromechanical actuator. The
only fundamental limit to the speed of such a device would be the vibra-
tional frequency of a buckyball — over 10 THz (10"*Hz), though the pro-
totype misses this goal by 12 orders of magnitude.

Atom Relay. A team of researchers at the Hitachi Corporation in
Japan has simulated a two-state electronic switch of atomic dimensions.
The concept for this proposed device, termed an “atom relay,” has some
similarities to the molecular shuttle switch. In the atom relay, a mobile
atom that is not firmly attached to a substrate would move back and forth
between two terminals.

The atom relay would be made from carefully patterned lines of
atoms on a substrate. The Hitachi simulations showed that such a line, or
“atom wire,” can conduct a small electric current. Two atom wires con-
nected by a mobile switching atom form the relay. If the switching atom
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is in place, the whole device can conduct electricity. However, if the
switching atom is displaced from the two wires, the resulting gap dramat-
ically reduces the amount of current that can flow through the atom wire.
A third atom wire that passes near the switching atom is termed the
“gate” of the atom relay in analogy to the gate of a field effect transistor.
Placing a small negative charge on the gate wire moves the switching
atom out of its place in the wire. The switching atom is pulled back into
place by a second “reset” gate after each use of the switch.

However, the designs for logic gates using atom relays could be
limited to a two-dimensional plane. The Hitachi group did not demon-
strate how two separate atom wires could cross. Without crossing wires,
only a subset of all possible logic functions can be implemented with at-
om relays. On the positive side, individual relays would have the ad-
vantage of being extremely small, on the order of 10 square nm. The
speed of the relays would be limited only by the intrinsic vibrational fre-
guency of atoms (approximately 10 cycles per second), which is several
orders of magnitude faster than present-day semiconductor transistors.
Energy requirements, while not reported by the authors, would be rather
low, resulting mostly from frictional forces between a single atom and the
substrate.

On the other hand, not much energy would be required to evapo-
rate a switching atom off the substrate and out of the plane of the atom
wires, thereby destroying the switch. For this reason, it seems likely that
atom relays could only work at very low temperatures. While switching
based on atom movement has the advantages of high speed and low pow-
er dissipation, incorporating this mechanism into a more reliable device
would improve its chances for practical applications [9].

2 Read and translate the following terms and expressions from the
text above.

A molecular switching device, an electromechanical amplifier, to
measure conductance, a conducting substrate, reversible, an electrome-
chanical actuator, a two-state electronic switch, to implement, intrinsic
vibrational frequency, frictional force, a buckyball.
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3 Read the text above and answer the following questions.

= What is the difference between electromechanical molecular
switching devices and microelectronic transistors?

= What are the practical results of the research conducted by
C.Joachim and J.Gimzewski? What problem occurred there and
how can it be tackled?

= What device was proposed by the Hitachi Corporation? What
concept underlies its operation?

= How is the switching atom moved in the two-state electronic
switch simulated by the Hitachi group?

= What are the benefits and limitations of the ‘atom relay’?

4 Translate into Russian paying attention to the conditionals and the
modal verbs would, could and might.

1. The electric field of a nearby gate would force the switching atom to
rotate in or out of the atom wire. 2. A more reliable two-state device
based on atom movement might use the rotation of a molecular group to
affect an electric current. 3. The use of a rotating group, or a ‘rotamer’, to
effect atom switching would prevent the evaporation of the mobile
switching atom, alleviating one of the principal weaknesses of the atom
relay. 4. If the molecular relay was refined, the rotamer in this refined
relay would likely be faster but also more sensitive to energetic perturba-
tions than the molecular shuttle, because the rotamer would be lighter
and would have a much smaller range of motion between switching posi-
tions. 5. This configuration might lend itself to use in nanoelectronic
computers, if many such molecules were affixed to a substrate and
switched individually. 6. If the shuttle ring completed an electric circuit
in one of its two positions, the rate of switching would be limited by two
factors: the speed of electron transfer to and from the benzidine, and the
sluggish motion of the ring, which is very heavy compared to an electron.

5 Look at the figures and schemes below. Using the information from
the text and these figures and comments talk about the advantages
and limitations of atom relay and the ways to improve it comparing
the models proposed by various researchers in the field. Make up a
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3-minute speech using conditional sentences (the second conditional)
with the modal verbs would, could and might (see exercise 4).

“ON" “OFF”

Atom relay
WTROI o (I 0! (a) Upon charging a line of atoms
A o termed a switching gate, a mobile switch-

N G
80000+ 00000 ing atom (shaded circle) is moved into a
\“;‘:- — 2 line of conductive atoms or “atom wire” in
L2 mitching Atom (2 3
2 9. order to turn on a current through the wire.
I\-; Resat Gatn >-<

(b) The current is turned off by charging
the reset gate to move the mobile atom back
out of the atom wire.

A more reliable two-state device based on atom movement might use the rotation
of a molecular group to affect an electric current.
Refined molecular switch Type 1
Gate % Refining by attaching the switching atom to
noecular @ Totating molecular group. The orientation
support  of the rotating group is to be controlled by a

Structure

X
Swihehing Q"m nearby gate molecule, to which a voltage can
YNy

Group be applied for that purpose.
Atom Wire Atom Wire
J{ Refined molecular switch Type 2
s AP o/d Attaching of switching atom to a “rotamer”
- 5 that permits the atom to (a) be swung into

: 5 - "f position to turn the switch “on” by filling
COSCO » § the gap in the atom wire, or (b) the switch-
- ing atom is wung up out of the wire to turn

Atom Wi W

- 00 QO

MomWin N e “off” the current in the wire. Orientation of
"ON" “OFF* the rotamer is to be controlled by adjusting
the polarity of the charge on the gate mole-

cule.
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TEXT 4.2 Next-Generation Transistors

1 Search for and explain in English the meaning of the following
terms.

Graphene, current density, chalcogenides, 2D or 3D channel materials,
two-dimensional transistor.

2 Scan the extract from the article about the recent advancements in
nanoelectronics. Find answers to the following questions:

= What is the key difference and advantage of the new transistor devel-
oped at the University at Buffalo?

» What is its size and power? What unique characteristics does it have?

= What makes the device stand out among other transistors of the type?

= What are the prospective spheres of its application?

Atom-thin transistor uses half the voltage of common
semiconductors

The researchers of University at Buffalo, USA, are reporting a
new, two-dimensional transistor made of graphene and the compound
molybdenum disulfide that could help usher in a new era of computing.

As described in a paper accepted at the 2020 IEEE International
Electron Devices Meeting, the transistor requires half the voltage of cur-
rent semiconductors. It also has a current density greater than similar
transistors under development.

This ability to operate with less voltage and handle more current
is key to meet the demand for new, power-hungry nanoelectronic devices,
including quantum computers.

“New technologies are needed to extend the performance of elec-
tronic systems in terms of power, speed and density. This next-generation
transistor can rapidly switch while consuming low amounts of energy,”
says the paper’s lead author, Huamin Li, assistant professor of electrical
engineering, School of Engineering and Applied Sciences (SEAS).

The transistor is composed of a single layer of graphene and a
single layer of molybdenum disulfide, or MoS2, which is part of a group
of compounds known as transition metals chalcogenides. The graphene
and MoS2 are stacked together, and the overall thickness of the device is

26



roughly 1 nanometer — for comparison, a sheet of paper is about 100,000
nanometers.

While most transistors require 60 millivolts for a decade of
change in current, this new device operates at 29 millivolts.

An illustration of the transistor showing
graphene (black hexagons) and molybdenum disulfide
(blue and yellow layered structure) among other com-
ponents.

It is able to do this because the unique physical properties of
graphene keep electrons “cold” as they are injected from the graphene
into the MoS2 channel. This process is called Dirac-source injection. The
electrons are considered “cold” because they require much less voltage
input and, thus, reduced power consumption to operate the transistor.

An even more important characteristic of the transistor, Li says,
is its ability to handle a greater current density compared to conventional
transistor technologies based on 2D or 3D channel materials. As de-
scribed in the study, the transistor can handle 4 microamps per microme-
ter.

“The transistor illustrates the enormous potential of 2D semicon-
ductors and their ability to usher in energy-efficient nanoelectronic devic-
es. This could ultimately lead to advancements in quantum research and
development, and help extend Moore’s Law,” says co-lead author Fei
Yao, assistant professor in the Department of Materials Design and Inno-
vation, a joint program of SEAS and the College of Arts of Sciences [10].

3 Read the text again and find the English equivalents to the follow-
ing terms and word-combinations.

OTKpBIBaTh HOBYIO 3pY; COBPEMEHHBIE IOIYIPOBOJHUKH; UMETh JEJ0 /
pa60TaTL C I~I€M-J‘II/I6O; SHEProeMKUC HAHOJJICKTPOHHBIC yCTpOfICTBa;
YBECIMYNBATh NPONU3BOAUTCIIBHOCTb, C TOYKH 3pCHHUA MOIIHOCTH, CKOPO-
CTHU U INIOTHOCTH; COCTOATHL U3; TPAH3HUCTOP HOBOI'O IOKOJICHUA; OKOJIO /
MpUMEPHO; 3Heprod(pPeKTHBHBIE YCTPONUCTBA; YHUKAIBHBIE (PU3NIECKHE
CBOMCTBA, BXOJHOC HANPSKCHHE, MOHWKECHHOE JHEPronorpedscHue;
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TPAAULIMUOHHBIC TCXHOJIOTUU, ACMOHCTPUPOBATH OI‘pOMHLIfI IIOTCHIIMA;
JOCTHXKCHHUS.

4 Make up 2-3 sentences of your own using the expressions from ex-
ercise 3.

5 The article contains the examples of present and past participles.
Translate the following sentences from the text paying attention to
the role of participles.

1. The University at Buffalo researchers are reporting a new, two-
dimensional transistor made of graphene and the compound molybdenum
disulfide. 2. As described in a paper accepted at the 2020 IEEE Interna-
tional Electron Devices Meeting, the transistor requires half the voltage
of current semiconductors. 3. This ability to operate with less voltage and
handle more current is key to meet the demand for new, power-hungry
nanoelectronic devices, including quantum computers. 4. This next-
generation transistor can rapidly switch while consuming low amounts of
energy. 5. The transistor is composed of a single layer of graphene and a
single layer of molybdenum disulfide, or MoS2, which is part of a group
of compounds known as transition metals chalcogenides. 6. An even
more important characteristic of the transistor is its ability to handle a
greater current density compared to conventional transistor technologies
based on 2D or 3D channel materials.

6 Follow-up: making a presentation.

The article mentions the 2020 IEEE International Electron De-
vices Meeting where the new invention was presented. This is an annual
conference held in the USA.

Study the latest abstracts and proceedings of the research under-
taken in the sphere of microelectronic devices on the website of the con-
ference: https://ieeexplore.ieee.org/xpl/conhome/1000245/all-proceedings.

Choose the research that interest you most and make a 3-5-
minute presentation on the subject highlighting the main achievements in
the field.
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UNIT5 NANOTECHNOLOGY OF THE FUTURE
TEXT5.1 Carbon Electrodes and Nanotubes

1 Read and translate the text.

This is a review written by Parva Chhantyal, a Project Manager at
Steinbeis R-Tech, holding a Master’s degree in Chemical Engineering
with Energy and Environment from The University of Manchester and a
PhD in Nanotechnology from the Leibniz University Hannover, Germany.

Carbon Electrodes to Revolutionise EV Battery Performance
(Part 1)

France-based Nawa Technologies (NAWA) has introduced a
ground-breaking ultra-fast carbon battery with unique electrode materials,
combining the best nano and clean technologies to store more electricity
than current batteries and improve performance.

The transportation sector contributes approximately 23% of
greenhouse gases worldwide. In 2015, to address this problem, ‘Paris
declaration on ElectroMobility and Climate Change and Call to Action’
announced plans to reduce global warming by more than 2 degrees Celsi-
us. This goal is only achievable if 20% of all vehicles by 2030 are electric
vehicles (EV).

EV Battery Performance

With the battery being the most expensive EV component, many
different types of batteries have been researched to meet essential charac-
teristics, such as efficient energy storage, lower cost, safety, and longer
life.

A battery’s state of health (SOH) is understood to deteriorate
over time, affecting the maximum usable range directly over time.

Canadian company, Geotab, has developed a fleet management
tool based on the analysis of 6,300 fleet and consumer electric vehicles.
The study confirms that EV battery lifespan is around eight years or
100,000 miles on average. This analysis depends upon the manufacturer,
country, and several other factors, including charge level, topography,
temperature, driving habits, and vehicle load.

Although the EV battery possesses an incredibly prosperous fu-
ture, the current limitation of lower power energy, life cycle and safety
demonstrates enhancement areas. Current electrodes are believed to have
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low electrical, thermal and ionic conductivity, and poor mechanical be-
havior when discharged and recharged. This leads to early delamination
and degradation.

Ultra-Fast Carbon Electrodes

The availability of freely moving electrons makes carbon a highly
conductive material. Another incredible advantage of carbon is its stabil-
ity at high temperatures, making it a tough and durable material.

Oxford-based ZapGo has previously exploited the first carbon-
ion battery that combines the super-fast charging capabilities of a
supercapacitor with a Lithium-ion battery’s performance.

In 2014, Power Japan Plus revealed a new battery technology,
Ryden dual carbon, focusing on medical devices and satellite applica-
tions, using carbon materials that last longer and charges 20 times faster
than lithium.

NAWA’s new Vertically Aligned Carbon nanotube (VACNT)
electrode for batteries is expected to increase battery capacity by a factor
of up to three while reducing charging time down to minutes instead of
hours. ‘NAWA’s Ultra Fast Carbon Electrode will allow us to charge bat-
teries faster, go further and for longer — and all with a product based on
one of the world’s most abundant and green materials: carbon’, said Ulrik
Grape, CEO, NAWA Technologies.

Carbon Nanotubes

Carbon Nanotubes (CNTSs) are covalently bonded carbon atoms
that consist of rolled-up sheets of single-layer graphene. Their sp2 mo-
lecular orbitals with the fourth free valence electronis believed to
be highly mobile, giving them their desirable properties of high conduc-
tivity and strength.

CNTs have 400 times the mechanical tensile strength of steel and
a superior thermal conductivity to diamonds. Due to its VACNTSs with
the arrangement of 100 billion nanotubes per cm2, NAWA’s newly dis-
covered Ultra-Fast Carbon Electrode is associated with the highest ionic
conductivity with the highest electrical and thermal conductivity [11].
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2 Answer the following questions.
= What innovation has the French NAWA company introduced? Why

was it called ground-breaking?

= Why does the innovation have the significant effect and contribute to
global warming reduction?

= What problems might occur when electric vehicle batteries are used?

= What significant advantages does carbon possess? Describe the bene-
fits of carbon nanotubes.

3 Explain the meaning of the following terms.

A carbon battery, a battery’s state of health, delamination, a lithium-ion
battery, carbon nanotubes.

4 Read the text again and find the English equivalents.

HoBatopckuii, cBepXOBICTpHIA, pemiath MpodieMy, YIydIIaTh MPOU3BO-
JOUTENBbHOCTh, IPUOIM3NTENBHO, YXYIIIATHCS, BIUATH, CPOK CIIyXKObI Oa-
Tapeu, B CPCAHEM, )Z[OJIFOBG‘-IHLIﬁ Marcpuall, BbICOKas MpoOBOJAUMOCTD.

5 Translate the following sentences from the text into Russian paying
particular attention to the infinitive constructions with Complex Sub-
ject.

1. A battery’s state of health is understood to deteriorate over time, af-
fecting the maximum usable range directly over time. 2. Current elec-
trodes are believed to have low electrical, thermal and ionic conductivi-
ty, and poor mechanical behavior when discharged and recharged. 3. New
Vertically Aligned Carbon nanotube electrode for batteries is expected to
increase battery capacity by a factor of up to three while reducing charg-
ing time down to minutes instead of hours. 4. Carbon Nanotubes are co-
valently bonded carbon atoms that consist of rolled-up sheets of single-
layer graphene. Their sp2 molecular orbitals with the fourth free valence
electron is believed to be highly mobile, giving them their desirable
properties of high conductivity and strength. 5. New tech is said to bring
revolutionary improvements in power, energy, lifecycle and charging
time.
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TEXT 5.2 Nanotechnology: EV Battery Development
1 Read and translate the second part of the review.

Electric Vehicle Battery Developments
(Part 2)

Despite the challenges of high price and manufacturing tech-
niques, popular EV manufacturers, such as Tesla, Honda, BMW, Ford,
and Porsche, have utilized lithium-ion battery technology in their EV in
an attempt to replace combustion engine vehicles.

With the electrodes accounting for almost 25% of the total bat-
tery cost, today’s global lithium-ion battery market is worth more than
$35 billion.

The blooming opportunities in EV batteries to complement the
existing technology has been an exciting challenge for many scientists.
Researchers at the University of Texas at Austin have explored cobalt-
free Lithium iron phosphate cathodes to reduce the cost, increase lifecy-
cles, discharge, and recharge rates.

Another invention, a glass battery, adds sodium or lithium to the
glass to form an electrode in the battery. This is more affordable, stable
and can handle higher temperatures better.

A startup in Cambridge, UK, Echion Technologies, has reported-
ly developed a mixed niobium anode for high-capacity lithium batteries
to reduce the charging time to as little as six minutes.

Alternatively, sulfur as a common element has been designed
with lithium to produce a lithium-sulfur battery at Monash University. It
has been tested to give a longer battery life of five days on a cell phone.

NAWA’s Ultra-Fast Carbon Electrode is a considerable step to-
wards designing effective electrodes that are safe and affordable.

Since it eliminates powder-based systems and relies less on rare-
earth materials, the technology reduces battery systems’ negative envi-
ronmental impact.

NAWA also believes that its new design can offer significant cost
savings while providing several desirable characteristics in one package,
such as a considerable increase in power, energy storage, and lifecycle, as
well as being clean. Due to its high durability, the ultra-fast carbon elec-
trodes are applicable in many different applications, such as telephones,
cars, renewable energies and buildings [12].
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2 Skim the text and find the English equivalents.

CriocoObl IPOM3BOACTBA, 3aMEHSTH AaBTOMOOWMJIM C JBHUTATENEM
BHYTPEHHETO CTOpaHHs, OLIEHUBATHCS, IOMOJIHATH, WCKIIOYaTh, OKa3bl-
BaTh HEIaTUBHOE BIMSHHUE HAa OKPYXKAIOLIYIO CPEdy, BO30OHOBIISIEMBIH.

3 Learn the expressions from exercise 2 and make up 2-3 sentences
using the active vocabulary of the unit.

4 Watch the video with the experts of NAWA company in France
talking about the new generation of ultracapacitors and be ready to
discuss it.

NAWA Technologies’ Ultra Fast Carbon battery: the next generation of
the ultracapacitor: https://www.youtube.com/watch?v=i_VE301Geds&t=197s.

Discussion points:

= the new development

= its properties and the metaphors used

= material structure

= areas of application

= the future of this technology
5 Summary.

Using the terms and expressions from texts 5.1 and 5.2 write a

short summary on electric vehicle battery development describing the

benefits and existing limitations. Make sure to include a sentence contain-
ing the Complex Subject to help you sound more formal and academic.
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ANSWER KEY
Unit 1
TEXT 1.1: Structure and Operation
Ex. 3: 1 to associate; 2 to discuss; 3 to implement; 4 to represent; 5 to
attract; 6 to introduce; 7 to explain; 8 to transmit.
TEXT 1.2: Obstacles to Miniaturization
Ex.2:1D;2B;3G;41;5H;6A;7C;8F;9E.
Ex.5:1T;2F,3F;4T;5F;6T.
Unit 2
TEXT 2.1: Solid-State Quantum-Effect

Ex. 6: 1 tunneling; 2 quantum; 3 semiconductors; 4 bands; 5 atom; 6
conduction.

TEXT 2.2: Islands, Potential Wells, and Quantum Effects
Ex.3:1F;2G;3H;4B;5I;6 A;7D;8C;9E.

Unit 3

TEXT 3.1: History

Ex.5:11;2L;3G;4K;5H;6J; 7A;8F;9C;10D; 11B; 12 E.
TEXT 3.2: Background

Ex.3:1T;2F; 3T.
Ex.4:11;2F;3J;4G;5B;6A;7E;8C;9H; 10D.
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