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Motivations for the nanoscience & nanotechnology

“Evervtiiing we see around us s made of atoms, the tiny elemental building
blocks of maiter. From stone, to copper, to bronze, iron, steel, and now silicon,
the major technological ages of humankind have been defined by what these
aroms can do in huge aggregates, trillions upon trillions of atoms at a time,
molded, shaped, and refined as macroscopic objects. Even in our vaunted
microelectronics of 1999, in our highest-rech silicon computer chip the smallest
feature i1s a mountain compared to the size of a single atom. The resultant
technology of our 20th century 1s fantastic, but it pales when compared to what
will be possible when we learn 1o build things ar the ultimate level of control,
one atom at a time.” Richard E. Smalley



Motivations for the nanoscience & nanotechnolog

Size matterd




Motivations for the nanoscience & nanotechnology

ENIAGC The firstcomputer §
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"The world will only market for 5 computers”
Thomas Watson



Motivations for the nanoscience & nanotechnology

Transistord

FirstTransistor Chipintel



Motivations for the nanoscience & nanotechnology

Size matterd

Newcomputers!

Million of transistors!
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Motivations for the nanoscience & nanotechnolog
Biologicalsystems !
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Biologicalsystems !

Descriptive
Knowledge

Causal
Knowledge

Descriptive
Knowledge

Nanotechnology

+

Tribology
_|_

in former times

now

Biclogy and Tribology

200

150

100

2001

2004 2008 oy
2007

2008
0 bio®* AND tribolog® in topic
¥ biclog® AND tribolog® in topic
M biomim® AND tribolog® in topic

Wear and Adhesives in Biology

5000

3750

2500

1250
2000

2001 2002 no0s
2004 2005 p008

M bio” AND wear in topic. 2008 509
W bio® AND adhes’ in topic



What is Nano
Just@onlyone dimensiomn !

"Nang" is apeefix thatcames fiordrbhkk (S0l ospaad means " thuaif"

1 nanemeter((nm )= bitilierith Of eneter = P m

A nanomaterial is a material with one or more dimensions at a
nanometric scale ( at least one dimension < 100 nm ).

A nanoparticle stays like a soccer ball in the same proportion that the ball stays in
comparison to the planet earth !

1nm 20cm 12 000 Km
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1194 km = 1194000 m
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~ 1 billion of meters !

Average size of aand grain~ 1 mm

Thus

one sand grain compares to the distance
between Warsaw and Amsterdam
In the same way as 1 nm compares to 1 |




The Scale of Things - Nanometers and More
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Size scale Iinfluence and Importance

A nanopatrticles have darger surface / volumeatio
responsiblefor new physical& chemical properties

A Thismeans anncrease irthe chemical reactivity
at the surface of thenanoparticles.



Size scale influence and Importance

Surface /volume Ratio

A Comparing the same amount of
coarsesalt and refined salt,

A which occupies more space
A which occupies morev/olume?
A Which is easier to dissolv&

This is not exactly a new property but gives
idea ofhow importanceof the particlesize
on the property ofsubstances !



Size scale influence and Importance

A Decreasing even further the size until arriving at thanolevel:
electrical properties, optical and magnetic chemicals could chanc
A Ex.: The gold color changes at multiple levano.

Exposed corner
of gold atom

article
nm

p- | |
400 500 600 700 A (nm)

A gold nanoparticleof ~ 90nm will absorb colors on the reé yellow end of the color spectrun

making the nanoparticle appear blyggeen.

A smallersized particle- 30 nm in size, absorbs blues and greens, resulting in a red appea



Size scale Iinfluence and Importance

Dureza
HallPetch????

Nanomateriales

Tamano de grano
convencional

Hardness
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Size scale Iinfluence and Importance

Substances that are:

A stable in higher dimensions becomeactive athanoscale
A insulators can becomeonductiveat nanoscale
A Opaque can becomgansparentat nanoscale

Thus:

A Knowing the characteristics of substances in a large
size does not provide understandable information
about their properties at thenanolevel !!!.



Size scale Iinfluence and Importance

A changeon physicalé&chemicalproperties-of
hanopatticles canalso-eausenintentional

conseguenee$ even wiknowr) when they
come inio contact with the ihumanbody !



Size scale Iinfluence and Importance

A A material perfectly safdo handleat larger sizes,
can easily penetrate thekin whenin form of
nano particles or whenbecoming anaerosol and
enter into the body viarespiration (breath).

A The reactivity due tahe largersurface areaallows
an interactionwith biological systems in waythat
are until now unknown.



Nanoparticles ?

A There severatypes ofnanopatrticles, it includes

A inorganic or organic particles,
A crystalline or amorphous

It canbe found as:

A single particle / individual
A aggregate
A Powdered or

A dispersed in a matrix on colloids, suspensions, emulsions,
nanofilms or nanolayers



New concepisoambanepaitielesananocqnposites

FULEERENES

Spheres of purearbon with
60 carbon atoms (C60),

with ~ 1nm in diameter,
arranged with 12 pentagons
and 20 hexagons, similar to
soccer ball.




New coneeptscamaanopaitielesananocomposites
NANOTIBBES

A Carbonnanotubes are
cylindrical structures composed
of carbon atoms whose
diameter Is from one ta3 nm
and a length of 1000 nm.

A quite common done by
sclentists, nanotubes are a |
hundred thousand times thinner %
than a human hatr.

A They were discovered in the
early 1990s, by Japanese
researcherSumiolijima.




New coneeptscamaanopaitielesananocomposites

DENDRIMERS

A Spherical polymer molecules ai
formed by selforganization
process hierarchy

A They are used in conventional
coating and painting

A Can be used in future drug
delivery and even aid in water
purification by trapping metal
lons.

http://www.ica.ele.pucrio.br/nanotech/nano_curiosidades.asp



http://www.ica.ele.puc-rio.br/nanotech/nano_curiosidades.asp

New coneeptscamaanopaitielesananocomposites

QUANTUM DOTS

A They aresemiconductor
nanoparticles that were created
In the early 80s

A They are widely used in
optoelectronicapplications,
such as lasers, LEDs and solar
cells

Q9

A These particles allow @ - e 4
confinement of electric charges, ™ Q. et 4 .
functioning as an artificial atom. »



New concepisoambanepaitielesananocoinpesites

A BIOPOLYMERS

A Awide variety of biopolymers
such as DNA molecules, offering
wide variety of nanostructures

self organizing

A They also offer the opportunity to
link betweennanoand
biotechnology, for example,
create biocompatible and simple
sensors and small motors.




New coneepiscamaanopaitielesananocomgosites
NANOEMUWESIONS

A Droplets of oily material with few
hundred nanometers in diameter
mixed in water through a mechanica
high extrusion process

A This process produces a uniform
population of droplets that are stable
for years even at elevated
temperatures

A It has broad spectrum antibacterial
activity against bacteria, enveloped
viruses, fungi, protozoa and spores
due to its ability to destroy these
organisms

Auttp://nano.med.umich.edu/projects.html



http://nano.med.umich.edu/projects.html

New concepisoamaanepaitielesananocomposites

NANQIAYERS

Nanolayers are one of the most
Important topics in the area
2 T VIY2USOKYy 2t 2

Through engineering nanoscale
surfaces and layers can attain a wide
range of functionality and new physical
effects ex.: optical orelectromagnetic).

EX.:

surfaceself-cleaning, corrosion
protection of machineryand _
equipment, woundhealing dressings

Anater resistant monolaye



New concepiscamaanepaitielesananocomposites
a)

Nano textured Antireflex surface (a) Light Deflection at aanotextured surface (b) comparison of tweano texturing (c) automotive dashpot withntireflex surfaces.



New coneeptsoamaanepaiiielesananoconiosites

it

Seltcleaning surfaces
produced bya
nanotechnology
manufacturing of
hydrophobic Nano films

a) decomposition of dirt

(3) C,O + small hydrocarbons

(1) adsorbtion &
&

A
SN a./(...’-’)decomposmon

b) hydrophillic surface

time of UV - illumination .




New concepisoampanepaitielesananocqinposites

NANOPORES

Are simple holes In
nanoscale insulating thin
membranes, which
means a new tool for the
study of biopolymers
such as DNA.

The model shows a DNA
molecule passing
through the channel of a
nanopore.

Aattp://review.ucsc.edu/fallod/campus_update.html



INTIRQDACOION NANOTESKRMNOIEDC

DEFRNITI@N

What is Nang?

Nanoscieneethe siudly @f gphenomena anchmdanipailaiironf of mateiials
at the atomic seale,

molecullar antnmaesembledalaninhergrprepeties atefdifferent from
those of allargessdale.

Nanotedhnology design,coharacterization; productionranc applicatiol

of structures, dieviees aneysystiems byrcontiolingshapel and sizéat
nanometer seate




INTIRQDUJCOION NANOTEEERNOIEOC

DEFRNIOONS
NanoescateWhysis isoripporiaft

A Quantum Effects Synthesis-enables nanoscaleqroperties:ehangermicro
and macrormateridwithout changing chemicat compostions.
Ex nanotubes

A SystemicOrgariization Materials eanteererganizec, systemadicatlycsueh a
biological entiiesandnaiwahmaierals: powerful opportunity
combiningbiology with matefialssstieneet Exuguantupo paints.

A SwifacerdseaComponents imaanoscalsurface areahhavenmuch larger
with respect to walume ideal for wseinceampgasitenatatérialse sieactor
sysiems,rmedicinesahdrengrgyocsterage.: Exonnanogcatalyst

A High Density macroscopicsystems it fiemananostructyesamayvhave
much higher spatialdensity than those constrscted fiommicrastruciues




INTIRQDUJCOION NANOTEEERNOIEOC

DEFRINIIOONS
Nanescade Why isitt soiinmporian?
What can we expect

A Nanotedihmalogyis adlistuptivettethnolagy
It causeschamnges in therdndustny:; leliminatingecompanies:thateare

unableto reinvent itself in time

A Nanotedhndlogyean changetthe-naturerof almostverything that
has ibeenddenad by intinansntintilovaw

A It hasa greateriirffluenecthan nudlearenergyppolymers,
microelectronicsaanccomputers hadddererintibe past.

A Thesogidliimpacausettyy\Nanoicehriolpgy:edn: be asstedng (or
larger) astthefifitsthnadustitaleevoltitian






Nanotedh appiltcaion?

Nanoelectronics Molecular Electronics
Ex Organic LED (OLED

oalt UNIVERSAL DISFLAY ot
>

coRraration [

OLEDs a device manufactured by placing a series of organic thin films betweeel®etrodes

When we apply an electric current, we have the issue of a bright Wgtliedin lighting and
portable equipment.

OLED (Organic Light Emitting Diode) is a self luminous diode, means it glow when an ele
is applied to electrode

OLEBR ONBSya INB Ffaz2z (yz2ey a GaONBSy 27
mobile phones, and in future these panels will be used in tablets and digital camErad is
been used irbig screenrVs.

Therel NB O2YLI yASa tA1S [D FYyR {FYadzy3 dzia
OLED TV was manufactured by Sony in December 2011, product namedti&the
prototype of OLEM@echnology.



HIGH EFFICIENCY SENSORS
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Infrared sensors based on
semiconductor nanostructures for
fault detection and monitoring of
systems engineering.




FOOD PACKING / STORING

Nanocomposites with higher
barrier to gas and ultraviolet
filter for food packaging.




WATER TREATMENT

Use of catalysts for water filtration
and treatment.




SOLAR CELLS

Semiconductor nanostructures
to enhance the solar cells’
efficiency to indices never
attained before.




Examples oNanomaterialsparts at the automotive industry

Scratch Dirt repellent

Coatings

Resistant paint

Nano composite

Biocide
Coating

Easy to clean

Surface
Anti reflective

Coatings

......
.....

Tribology

Anti fogging
Coatings

Resistant tires

conyerter

Nano adhesive
Catalytic .



lllustration of the usage of polymer Nano composites par

Timing belt cover Engine cover Inverter cover

v |

Windows

FPower trains

- Engine cover
- Inverter cover
- Timing belt cover

\

Interior&Exterior
- Side trim

- Door inners

- Body panels

Coatings Head lamp covers




- REVOLUTIONARY FORCES

Basic advancements in science and technology corme about
twice a century and lead to massive wealth creation.

1853 ¢ 1913 1969 025 d 081

ys Qi 0o,
(= 4 o ) _{:"f k ,:‘
2 fg" ’Q\s’ "g'r, é:‘
N o NG 5
Y 4 4\0 2 4 il 2
4 N $F S OF :
7y oy &7 S &+  §Introduction
& y: v-[:év’ ({,;:f' <y | of technology
1800~ 1853/, 191 3 196257;? 2025 adoptlon
ij cymﬁ& @ w“éy et Ot ' End of rapid
growth phase

1886 1939 1997

. . Informatics
Industrial revolution .
revolution

I
SOURCE: Norman Poire, Merrill Lynch HERE WE ARE !



Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Steam Engine Railway Electricbulb  Radar Microelectr.
Coal and Iron Telegraphy Electrification Radio/TV Laser
Technology Cement Telephone HRockets Glass Fibre
Photography Transformer Electronics Gene Techn.
Automobile  Nuclear
Technology J

Frequency of Innovations Business Cycles
I I | I

1750 1800 18350 1900 1950 2000




Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Nos EUA, o periodo mals Intenso de aumento de produtividade*
(um bom sinal de Inovacdo) ocorreu no século XIX e durante as guerras mundiais

Aumento de produtividade em %

1869 1892 1906 1919 1929 1941 1948 1973 1989 2000 2000 2010

Fonte: Alexander Fleld/UniversidadeSanta Clara *Produtividada total dos fatores




Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Aumento da expectativa
te vida ao nascer nos EUA

DE1900 A1950
¥ 45% (aumentou para 68 anos)

DE1962 A2012
1% (para78anos)

Diminuiram os avancos reals e as expectativas de avancos futuros

Aumento da velocldade do
carro de passelo mals rapldo

DE1883A1932
A 275% (para225 km/h)

DE 1961 A2010
68% (para415 km/m)

Valorlzacdo de empresas
de blotecnologla nos EUA

DE 1994 A1999
TR 696%

DE 2007 A2012

%

Fontes: Nasdag/yahoo! Finance, Bird, Andrew Noymer/Universidade da Califamia




Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Idade Idade ENTENDAO GRAFICO

Em periodos fracos houve inovactes ou Inovagdes com menor
RISHGRE:. -RiNga__MEds MAHEERS C-untemer.'i fies impacto. Periodos fortes concentram inovacdes importantes

T e ey | e e
FRACO

Pedralascada como instrumento

As machadinhas eram afladas propositalmente e
usadas para colher plantas, cortar carne, quebrar
cascas e para defesa. Nenhum outro artefato cultural fol

Pré- Idade  Idade

GRANDES | produzido por tanto tempo numa drea geografica tao
INOVACOES grande. Com ela, os hominideos sem garras nem presas
conseguiram sobreviver e se multiplicar
: 500 100 :
1,6 miihao imilkdo mi mil S50mN 20 mA 1omilac.
LINHADO
TEMPO
CONTEXTO
5
HISTORICO el
CICLOSDE
INovAGAo > macnago e,

Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
ese proteger

de ameagas

=)
LA
; £9
Seca criativa i et | =
Os smartphones, n
Os hominideos passam 2 milhoes de anos aprimorando a B CE
pedra lascada. No perfodo apés sua invencao ha poucas ¥l poriflitaiote i =

Inovacoes tecnolégicas computador e

acesso a internet




Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Pré- Idade Idade Idade Idade

ENTENDA O GRAFICO
Historla  Antiga Média Mod‘erna Contemporanea Em periodos fracos houve inovactes ou Inovagdes com menor
: — * impacto. Periodos fortes concentram inovacdes importantes
e e — s—
FRACO
mmento Fogo (aprox. 70 milaC)
yopositalmente e Quando comeca a controlar
tar carne, quebrar o fogo, o homem passa a
utro artefato cultural fol endurecer ferramentase
na drea geograficatao cozinhar alimentos. P6de
5 Sem garras nem presas migrar para reglioes mals
ultiplicar frias, como a Europa
Bronze Estrada
1.0 milac Glmme
' M
Invencaoda metalurgia A A Nascimento de Cristo

Machado de
pedralascada
Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
ese proteger

de ameagas

iPhone5

Antiguidade classica ! o

como este da Apple,
Gregos e romanos criam cldades com lels, concentracao de of 124 ...,..;;.“.;..:,.’a,,a%‘.’;g,
riqueza e establlidade de governo. O amblente favorecea o N aimera foloiaticn,

tad
producao intelectual icessos ntaret



Sahumpetenanong wavescofttebhnicad econamiicdevelopment

Pré- Idade Idade Idade Idade
Histéria Antiga Média Moderna Contemporanea ENTENDA O GRAFICO
Em periodos fracos houve inovactes ou Inovagdes com menor
impacto. Periodos fortes concentram inovacdes importantes

PERIODO
FRACO

Aquedutos

Preocupados com a higiene
€ a salde, os romanos
Inventam os aquedutos. A
agua limpa era trazida para
a cldade, e os residuos

eram transportados até
rios proximos. A proeza Prensa de Gutenberg (1455)
de engenharia Permite a Impressao em massa
Impressiona até hoje de livros. Em 1500, mals de 15 milhoes
de volumes ja haviam sido impressos
Termoémetro
Caravela :
oy s At Y S oy YNy oy YNy oy YNy oy YNy oy YNy oy YNy oy FaRE g YNy oy YNy oy YNy oy YNy oy YN o t"—]
A Fimdo lmpério Romano O Império Otomano toma Constantinopla A

Machado de
pedralascada

Esta ferramenta
permitiu a nossos

Renascimento - § 5
. Em 1474, Veneza cria a primeira lel de . di”’
. patentes. Ela protege a remuneragao ' ’ =
Idade Média do inventor, por certo periodo,
As Invasoes barbaras, apés a e divulga detalhes da inovacao
queda de Roma, prejudicam a aoutros Inventores. Esse fator e , 201
inovacao por séculos. A partir outros, como a disponibilidade de AT o5 smanpyone?
e do ano 1000, recomegam os capital, estimula o Renascimento, 17 como steda Appe
avancos, principalmentena periodo de inventores célebres, Ry ‘portétitelefone, GPS,
agricultura como Leonardo da Vincl : “'"il.’.‘.’é?.‘flﬁ'ﬂ
acesso a internet
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Pré- Idade Idade Idade Idade ENTENDAO GRAFICO
Histéria Antiga Média  Moderna Contemporanea Em periodos fracos houve Inovagdes ou Inovagoes com menor
‘ | | impacto. Periodos fortes concentram inovacdes importantes
W e — | ——
FRACO

Motor a vapor (1769)

James Watt cria o motor a vapor eficiente, capaz de
transformar calor em movimento. Aquecida pelo fogo
numa caldeira, a dgua se transforma em vapor. Quanto
mals quente, malor a pressao de expansao - e malor

a forca desenvolvida pela maquina. O motor a vapor
tem mals forca que a tracao animal e, diferentemente
dos moinhos d'agua, pode ser usado em qualquer
lugar. Torna-se um simbolo da Revolucao Industrial

4ro Barcoa vapor
Descarga Serma
- samitinia circular
) ¢ -
; . -
E.EFWT'-————E 3 “: S 1, Wl o L L s A R TR R N1 2 T S A | A R ) R S T e L e i s e R e Y e R R T —&\IF-:-’.
A Revolucao Industrial A

Machado de
pedralascada

Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
e se proteger
deameagas

do pensamento cientifico ( iPhones

O: tph 9

que permitem a Revolucao coniseste daAple
e i uniram num aparelho

Industrial. Esse conhecimento, % portitiltelefone, GPS,
porém, nao gera frutos cAmers totogrnes

lmedlatOS acesso a internet
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Pré- Idade Idade Idade Idade ENTENDAO GRAFICO

Histérla  Antiga  Média Mod’erna Contemporanea Em periodos fracos houve inovactes ou Inovagdes com menor
| impacto. Periodos fortes concentram inovacdes importantes

PERIODO
FRACO

A EraContemporanea

Machado de
pedralascada

Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
e se proteger
deameagas

) iPhone5
Revolucao Industrial come s katle
As fabricas substituem os grupos el i unicam um apario

de artesaos. A produtividade dispara, - camera fotogréfica,

computador e

e 0s pregos dos produtos caem acesso Internet




Sﬂ’mrnm&rman' wavescoftiebhnicad econamiicdevelopmernt

Idade Idade Idade Idade

HIstOrla Antiga Média  Moderna Contemporanea ENTENDA O GRAFICO
‘ ‘ | Em periodos fracos houve inovactes ou Inovagdes com menor

impacto. Periodos fortes concentram inovacdes importantes

PERIODO
FRACO

Lampada elétrica (1879)

Thomas Edison cria a primeira lampada

Incandescente comerclal. Seu concelto é

0 mesmo das lampadas atuais: no vacuo, P e
dentro de um globo de vidro, um filamento

Incandesce pela passagem de corrente

elétrica. Comparada as velas e aos lampioes

a gds, a lampada é uma forma de lluminar

mals eficlente, segura, duravel e barata

orse Anestesia

1850

A Segunda Revolucao Industrial

Machado de
pedralascada

Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
e se proteger
deameagas

Novafontede mergla

0 motor elétrico eficiente é crlado em 1873. 56 leva a ganhos i e
de produtividade anos depols, quando as fabricas passam a o Y Moo
usar vdrlos motores pequenos, iIndependentes, em vez de uma gl gt it

unidade motriz central - a légica dos tempos do motor a vapor computadore

acesso a internet
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ENTENDA O GRAFICO
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Penicilina (1928)
O médico escocés Alexander Fleming PERIODO
descobre por acaso que o fungo do género FRACO
Peniclllium matava bactérias. Isso permiteo
surgimento do antibiético. A penicilina,com
outras descobertas como a vacina contra
a tuberculose, faz disparar a expectativa
de vida na primeira metade do século XX
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Oimpulso daguerra

Entre 1914 e 1945, o mundo sofre com duas guerras mundiaise 3
Grande Depressao. Elas produzem morte e pobreza. Ao mesmo
tempo, levam os palses envolvidos a uma corrida tecnoldgica
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Arpanet
(precursora
daintemet)

A Homempisanalua A Qued

Progresso bem fundamentado

O periodo do pés-guerra até os anos 1970 é conhecido
nos EUA como era dourada. A disputa coma Uniao
Soviética mantém o ritmo das invencoes
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FRACO

Microcomputador Apple1(1976)

O conceito de computador pequeno e
barato muda a forma de trabalharmos

e usarmos informacao. O Invento

gera filhotes até hoje. Seu Impactono
aumento de produtividade sé fol sentido
plenamente a partir dos anos 1990

1980 ‘920 comerdial 2000 iPhone 2010

O O

|

A Quedado Murode Berlim A Atentado ao World Trade Center

Machado de
pedralascada
Esta ferramenta
permitiu a nossos
antepassados
cortar alimentos
ese proteger

de ameagas

Estamos em baixa? " ol Wi
itado No século XXI, o nimero de patentes dispara, : OF Smaritionss,

como este da Apple,

.anos 1970 é conhecido mas as Inwms parecm wuco relevantes. ';’ i . uniram num aparelho

portatil telefone, GPS,

{isputa coma Uniao As promessas de areas como gendmica e p camerafotografica.

computador e

nvencoes energia limpa alnda nao se cumpriram acessoa Internet
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iPhone5

Os smartphones,
como este da Apple,
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Maslow's lhiletatthyoofnaeeds

Designceniteriaffor
useful tegdhnotegieabpsaducts

actualisation

Needs
acknowledgement,

Esteem Needs
long-time satisfaction / \ self-respect
of the ARKERYRESS love, affection and
needs: material / Social Needs ’ e hoedh
existence, belonging.
minimum wages,
social status / Safety Needs

/ Physiological Needs \ood sleep

Self-Actualization

Personality Development Social Quality

Standard
of Living

Environmental
Quality

=

ality
—— Often Instrumental Relations
—s«—— Often Competing Relations
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Innovation

Product Fundamental Short Range Single Simple  Elementary Technical Internal Disciplinary
Process Incremental Long Range Cooperative Complex Business System External Cross-Disciplinary




Fundgiamental(SWI)& inecrememntal innovation
(packagediimensioss

Qualitative Package
Through-Hole Technology: Size-Comparison Name Year

X 1206 1990
% 0805

% 0604

S 0402

. 0201

: 01005 2001
(a) (b)
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(b)

automatedbottle filling machine (DNAdoublehelix)
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modern cooperative imnnoxation((cemmunicator)

A. G. Bell, 1876 Symbian Group, 2001

(b)
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