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The Scale of Things -- Nanometers and More
Things Natural

~10-50 um wide 2B

DNA
~2-1/2 nm
diameter

Atoms of silicon
spacing ~tenths of nm
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—=———— The Nanoworld —————= —=——— The Microworld ——
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=1 millimeter
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=1 micrometer
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ref) Joseph M. Pickel, ACS Fall Meeting 2007

Things Manmade

Pollen grain

Quantum corral of 48 iron atoms on copper

surface

positioned one at a time with an STM tip

Corral diameter 14 nm

21st Century
Challenae

Combine nanoscale
building blocks to
make functional
devices, e.g., a
photosynthetic
reaction center with

semiconductor
storage

Carbon nanotube
~2 nm diameter




The First Nanotechnologists
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The First Nanntechnaiﬂgists

Ancient stained-glass makers knew Thal by pulling varying, timy amounts of gobd and siver in the
glass, they could produce th red and yellow found in staned-glass windows. Simarty, today's
scaenlisls and anginears have lound Mat il takes only small amounts of & nanopanicle, precigaly
pleced, to change & material's physical properties.

Gold particles in glass Silver particles in glass
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Had medieval artists baen abie 10 control the size and
shape of the nanoparticles, they would have been abla
o use the two matals 1o produce othar colors. Examples:
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Chad Mirkin, Northwestern University,
in NYTimes article by K. Chang - 2005




Nanotechnology is the Science of Interfaces

Surface effects
For 30 nm particle: 5 % of atoms are on surface
For 3 nm particle: 50 % of atoms are on surface

Interfaces of Scientific Disciplines

— Materials, biological, physical sciences all
contribute!
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The avalanche of nanotechnology journals

» —~50 journals in the category of “nanoscience and nanotechnology” (ISI Web of Science)
= Artwork is important: seeing is believing
» Most journals are newly developed with low half-life time.

IS| Web of Knowledge™

Journal Citation Reports®

= RETURN T0
MARKED LIST 2008

MARKED JOURNAL LIST
Sorted by: Impact Factor

I———-l I————

I ! I
Abbreviated Jourmal Tite | tssw (2008 _[Impact i tmmediacy 2000 | Clted_ Fgentactor™ arice oence’™

| IFEICtOI‘ I 1
MAT NANOTECHMNOL 1748-3387 292?| 20,571 20.588 L.097 93| 1.6 : 0.02934 11.120
MAND LETT 1530-6984 370891 1[].3?"1I 12,189 1.524 8171 3.?| 0.25267 4,487
MANO TODAY 1748-0132 3?6: 8.?95: 9.231 1.077 13: 1.8 0.00283 3.270
SMALL 1613-6810 5016| 6.5251 7.292 0.856 319| 2.5 ) 0.03695 2.576
MANOMEDICINE- UK 1743-5889 56?: 6.093: 5.093 0.768 56: 1.7 0.00354 1.857
ACS NAMNO 1936-0851 ?DBI 5.472) 5.472 1.389 296| 0.9 0.00214 1.823
MANOTOXICOLOGY 1743-5390 101) 3.720l 3.720 0.444 18 1.5 0.00047 0.8B5E
MANOTECHNOLOGY 0957-4484 16291' 3.446: 3.727 0.507 139?: 2.9 0.09877 1.231
MICROFLUID NANOFLUID 1613-4982 ?83| 3.314] 4.194 0.827 133| 2.3 0.00434 1.222
1 NMANOPART RES 1388-0764 18061 2.299' 3.118 0.476 1701 4.0 0.00900 1.015

; . ;
| 1
1 - 1 -
| JCR Data i) " Eigenfactor™ Metrics U

Abbreviated Journal Title

Mark Rank (linked to journal information) ISSN Total Cites | Impact | ;:;:2: Immediacy | , ..o | Cited Eigenfactor™  Article Influence™
Factor | Factor Index |Half-life Score Score
O 1 J FLUID MECH 0022-1120 30950 2.315| 2.714 0.422 450 | =10.0 | 0.06626 1.393
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Google search: “Nanotechnology™

» Nano-conference is a good business.
» People are now talking about the second revolution of nanotechnology.
= Applications?

" Google - Windows Internet Explorer
G-
maEy BEE 20 SHEFIE ER(ID TS(H) @& Convert ~ [0 Select
w #f Google ]_l

Hdll & ook =34 AT wh 4T Gmal 022 r

-"l http:/ S wevewy, google, co, kr/

Google

HAHZY v  nanotechnology|

nanotechnology conference 7,080,000 2 U}
nanotechnology conference 2009 7,280,000 2 Ut

(& nanotechnology company 636,000 2 1t
nanotechnolagy cosmetics and the skin is there a health risk  s2.800 24t
nanotechnology 2008 2,710,000 210t
Mamail  [3 223 nanotechnology a future technology with visions 212,000 2t
. nanotechnology application 4,520,000 21t
il 2 nanotechnology architecture 1,280,000 2 4t
nanotechnolagy characterization laboratary 437,000 21t
nanotechnology companies 712,000 2 0t
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14 Engineering Challenges from NAE in USA

l‘||.| NATIONAL ACADEMY OF ENGINEERING _ http://www.engineeringchallenges.org/ Ko

CHALLENGES IDEAS NEXT STEPS COMMITTEE

GIVE US YOUR THOUGHTS | WORLD NEEDS TECHMNOLOGIES, IDEAS ROLE AND BIOGRAPHIES
AND RESEARCH

M INFRASTAUCTARE

G RA ND C HA L LE N G ES %??\]AU—}E Click on the engineering challenge you think is the most important:
FOR ENGINEERING [ riieiiel y—

economical 1 from fuzion sequestration
" methods
J o e e e e - &
I3 |
f Manage the 1 1 - Provide access to Restore and
Find information about the Summit on the NAE's a nitregen cycle | . clean water I improve urban
Grand Challenges, which was held March 2-3, 2009, in | I ! infrastructure
Durham, NC, organized by Duke University; the [ A @ a :
Viterbi School of Engineering at the University of . | [T =======" ';
. . . Advance health Engineer better Reverze-enginser
Southern California; and Olin College. informatics : medicines the brain I
u
Grand Challenges and Education 1 I
Grand Challenge of Providing Access to Clean Water Chosen as 1 = 1 1 |
the Theme for JETS High Scheel Competition ) —TTTmTms TS TEEEEEEE T
*TF ¥ | Prevent nuclear B 0 [v| Secure Enhance virtual

W terror

Get a POF of the Grand Challenges booklet here. reality

With input from people around the world — much of it on this website —

‘!,.-.]1'-1 cyberspace

as
4

an international group of leading technological thinkers were azked to
identify the Grand Challenges for Engineering in the 21st Century. Mow
their concluziens are revealed on this website.

' ! - Watch the video (6:27) J !
p Download high-quality version [100MB]
]

VIDED

From urban centers to remote corners of Earth, the depths of the oceans GRAND CHALLENGES SELECTED

tn =narce humanitv has alwavs snuaht tn franzrend harriers nvercnme

Advance e Engineer the tools |
perzonalized of =cientific |
N learning . discovery 1
|



Engineering's Grand Challenges

| WHAT

Lo Yol

THINK.

Voting Results:

Make =olar energy
economical

¥ Votes: 9263

Reverse-engineer
the brain

Votes: 3240
Engineer the toolz
of scientific
dizcovery

Votes: 2189

Engineer better
medicines

Votes: 1584

Enhance virtual
reality

Votes: 1381

Provide energy
from fusion

Votes: 5639

Advance

i perzonalized
learning
Votes: 2637

Develop carbon
sequestration
methods

Votes: 1954

Prevent nuclear
terror

Votes: 1527

Manage the
nitrogen cycle

Provide accezs to
clean water

Votes: 4719

Reztore and

improve urban
infrastructure
Votes: 2212

Advance health
informatics

Votes: 1605

| Secure

cyberzpace

{ Votes: 1427
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Potential Impact of Nanoscience and Technology:
Humanity’s top ten problems
for next 50 years

Energy

Water

Food
Environment
Poverty
Terrorism & war
Disease
Education

Democracy
P lati 2004 6.5 Billion People
RPUAHON 2050 ~10 Billion People

Ref) Joseph M. Pickel, ACS Fall Meeting 2007
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Nanotechnology challenges

— Many interface problems:
uncertainties and reproducibility issues
defect control, detection, healing at interfaces

— Multiscale integration and production:
positioning and assembly of nhanomaterials

— Potential threats:
environment, health, safety (EHS)

— Fabrication gray regime (10 ~ 50 nm):
Top down + bottom up

— Materials issues
ITO —> Graphene (?)

— Social responsibility, ethics

13



Many interface problems

< Aggregation >

al configuration of 8 Aggregation Final configuration
occurs

14



Multiscale integration and manufacturing

» Paradigm shift to multiscale design and manufacturing (MDM)
= Among papers published during 2000 — 2008 in MDM,
mechanical engineering takes up more than 60%

Figure. New paradigm of multiscale design and manufacturing for next generation automobile

15



Potential threats

Inhalation: Inhaled particles induce
inflammation in respiratory tract, causing
tissue damage.

Example: Inhalation of silica particles in
industrial workers causes “silicosis”.

Dermal exposure: Particles may enter body
through the skin. Potential hazards are
unknown at present.

Ingestion: nanoparticles may cause liver
damage. Ingested nanoparticles (i.e. for oral
drug delivery) have been found to accumulate
in the liver. Excessive immune/inflammatory
responses cause permanent liver damage.

16



Fabrication gray zone (10 ~ 50 nm)

Top-down vs. Bottom-up

Dimensional Scale
1mm

“Top-Down” Approach

10um

Tum
100nm

10nm

1nm

0.1nm

1940 1950 1960 1970 1980 1990 2000 2010
Year

17



The beauty of nanotechnology, but...

Rafts of bimodal Au nanoparticles
forming superlattice arrays

Quantum Dot

18



Fabrication gray zone (10 ~ 50 nm)

E-beam + BCP lithography

& Process to create lithographically defined chemically prepatterned surfaces and subsequent

directed assembly

Pattern
Rectification

Density

A pre-patterning with e-beam Muiltiplication

resist
S brush
IB 0O, plasma & resist strip l
- - - | =2
= a

-
b

-
fo spin coat
lock copolymer (Lg)

\ D  bake /

Science 321, 936 (2008)

Density Multiplication
L =78nm; Lp=39nm
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Fabrication gray zone (10 ~ 50 nm)

Lithography + surface tension

o

100 pm

Results showing the effects of various pinning points and
surfactants, and included self-assembled particles. a) A
circular pinning point in a BSA solution. b) Triangular
pinning points in a Triton X-100 solution. ¢) A quantum-dot
line forming between two square pinning points. d) SEM
image of self-assembled 2-mm-bead arrays.

cf) Typical coffee staining effect by
evaporation from edges with pinning
(no regular patterns formed)

Nano Letters, 6, 271-276 (2006) 20



Fabrication gray zone (10 ~ 50 nm)

Lithography + surface tension

49Nem™

a Centre dewetting | Edge dewetting
(high pressure, small {low pressure, lange f)

h{Gap heighty I (Gap height)

o a
Mould edge

Nano Nanotechnology, 3, 682-690 (2008)




Social Responsibility, Ethics...
Need Understanding & Responsibility

“Military applications of molecular manufacturing have even greater potential
than nuclear weapons to radically change the balance of power.”

Admiral David E. Jeremiah, USN (Ret)

Former Vice Chairman, Joint Chiefs of Staff
November 9, 1995

“Even with all its unknowns, even with all its perils and risks, who’d say no to
nano?”

Ed Regis, author of Nano,

the emerging science of nanotechnology:
remaking the world

— molecule by molecule, 1995, p.308

22



Social Responsibility, Ethics...
Need Understanding & Responsibility

“Our most powerful “If everyone has this technology,
21st-century technologies : then if it can be abused,
robotics, genetic engineering .
and nanotech are threatening it will be abused.
to make humans And if it can destroy the biosphere,

an endangered species.” that's threat enough for me.”

Bill Joy K. Eric Drexler

http://www.wired.com/wired/archive/8.04/joy.html

23



Nanotechnology opportunities: NBIT Z&/J/=
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Medicine

Nanobot

2% (2004, UCLA)
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Nanobot: Medicine

“ WL moiniek..com




Nanomedicine: &= Xt (Drug Delivery)

Drug delivery using nanoparticles
Faster dissolution
Faster absorption

Enhanced bioavailability

7
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Xl Al (Imaging)
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Nanomedicine:
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NIT S&/J/=

Photolithography

Electronics / IT-NT
Optoglectronics R A Telecommunications

- Wireless Technology

: %’iﬁ‘féﬁ‘;ﬂige @ - Optical Transmission
Ontical Storage - Optical Switching

» Magnetic Storage

- Molecular Memory Quantum Computing

aaaaaaaaaaaaaaaaaaaaaaaaaaa

Nan&ww&based M.
- Display Technology

1 ITEIND 217 1==2), NT & BIT 887l 7ie 3! AR EN2002. 1005 25 AfdE!

(32l 3) NIT2| 280}
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Nano Electronics
(applications)

Single Electron Memory

O Application of nano : single electron memory ? ogate
combination of Single Electron Box Ce =
and EPROM
e
= use of SEB for single
electron control and C, Ry

MOSFET for charge sensing

o _ channel
L Characteristics of single electron memory

-

Threshold voltage

» Programming voltage

36



Single Electron Memory Structures

O Nanocrystal memory

- Ease of fabrication
- Fluctuation of dot
numbers

control oxide tunneling

SiGe oxide
nanocrystal ™. @A . @.. A

p-Si substrate

(Tiwari, et al., 1995)

O Single dot memory

- Clear V; staircase

- Fabrication relatively
difficult

(Chou, et al. 1997
Nakajima, et al. 1997)

37



Graphene: new wonder material

s 2 EQ| X
- 2XfET EhAATY: SUAWO R TQABE THUSO| sp? AT B
T =

=
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- 20044 GeimS0| 7|A|H E2|H2

2D-24 =

Science

306, 666 (2004)

1 um

Electric Field Effect in Atomically
Thin Carbon Films

K. S. Movoselov,” A. K. Geim,"* S. V. Morozov,” D. Jiang,’
Y. Zhang," S. V. Dubonos,® I. V. Grigorieva,’ A. A. Firsov®

We describe menocrystalline graphitic films, which are a few atoms thick but are
nonetheless stable under ambient conditions, metallic, and of remarkably high
quality. The films are found to be a two-dimensional semimetal with a tiny overlap
between valence and conductance bands, and they exhibit a strong ambipolar
electric field effect such that electrons and holes in concentrations up to 107 per
square centimeter and with room-temperature mobilities of ~10,000 square
3D-= centimeters per volt-second can be induced by applying gate voltage.
[

0D-4{7| 2

A A4

By courtesy of Prof. Sangwook Kim, KAIST




Graphene: new wonder material
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BIT Z&8//=

Pharmaceutical
[l diSEesen 3

Clineal Irials

" gl Healthcare

' Disease research &
mana4cmnn1

= Pritein encgineering Ol -1 r 0y
* Target gene therapy The use of information i Clinical research
technology to craate,
grganize, analyze.
_ stara, ratriave and
share genomic,
groteomic, chemical
and clinical dala in the
lifa scisnces.

A= hitp:ffwebby.ciaalliance.org/ MCBI/Biol T_presentations.himl,
Presentations from the Bio-IT Workshop, 2003

(OE 4> BITe 2ZAl

41



Drug Delivery Platforms

N Integrated
% CMOS Circuitry

Bonding Pads.,

Electrode

Conductor Channels

Fluid Qutlet
Orifices

)

Cross-section of the Shank along X-X'

Recording/ ‘

Stimulating Sites

Photos courtesy of N. Talbot and A. Pisano, UC Berkeley
Diagram courtesy of K. Wise, U. Michigan.
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ZMIZEE Ol=Est &Kt

neuro-circuit interaction

Nt 2P
Max Planck Institute
Sk Stanford Neuro Probe
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Robo-rat controlled by brain electrodes

Radio-controlled rat

(SERETER AR LR R

SRISERLILERIERIERE L ERR LIRS IR ERLERITRATENRSLE]

Electrical
stimulation to
somatosensory
cortical areas, steers
rat by mimicking
sensations to left and right

Stimulation to the medial forebrain bundle,
the reward centre of the brain, acts like a
"wvirtual carrot on a stick” to drive the rat forwards

By courtesy of Prof. Jaeseung Jeong
KAIST, Department of BioSystems 44




Rat navigation by remote control
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Is this the bionic man?
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Rehabilitation

( artificial limbs o regain mobility)

nerves or directly to m
implant).

- Only for the Therapy? -

. Control over the bladder
the mobility |

. Spinal cord microstimulatiof

49



NET S&/J/=

< Water treatment >

Scheme of the removal of heavy
metals with the humic acid coated
Fe304 magnetic nanoparticles.

World population
by freshwater

availability g v
B Relative sufiiciency =

B Slress
B Scancity

2000
Todal population: 6 billion

Q‘,ﬁ. Map legend &%

) B Water-stressed and water-scarce counfries in 2000
2025 imedum projeston)
Total population: 7.82 billion Additional waler-stressed and walar-scarce countries by 2025
B Nostress
Low stress (0-10%)
No data available

http://www.nanowerk.com/spotlight/spotid=6810.php 50



