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peebction- What 1s Nano ?

2 A prefix (symbol n) of units denoting a factor of 10° and comes from the

Greek nanos, meaning dwarf .
1 One nanometer, which is on the scale of atomic diameters. For comparison,

a human hair is about 100,000 nanometers thick!
1 nm

Y € € € £ £ £ £ £ ¢ thHydrogenatoms

101 102 103 108 10° 1012 10%°
deca 7 kijo mega giga tera peta
101 102 10° 10 10 1022 1015
deci ? milli micro nano pico femto
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small 1s nano-scale ?

about 10" m (radius) about 10> m (radius) Nano-meter: 10°m

 Comparing nanometer scale to a 100 ¥ coin,
mm) The coin becomes the Earth .

J 100nm size Al nano powder 2 gram,

mmm) Each one of 60 billion people have 300 thousand particles.
& It covers a whole football field,

6 Nanomaterials
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Qak tree leaves at actual size.

107  meters

The nucleus of a leaf cell.

1 micrometer

10° meters o 10 micrometers 10° meters

Outer electron cloud of a carbon atom,

Electron in the inner electron shell,

meters

107'° meters

100 picometers ]cr”

10 picometers

Nanomaterials

ace of an Oak leaf magnified 10 times.

meters o 1 centimeter

the leaf cell nucleus,

107  meters

100 nanometers

Empty space between inner shell and nucleus

1072 meters

en 1 picometer
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leaf surface.

=

10*  meters

100 micrometers

. a 1 millimeter

DNA nucleotide building blocks,
/

10 nanometers 10% meters o 1 nanometer

Nucleus viewed beneath the electron shells, Nucleus of the carbon atom,

10"° meters 107'* meters

100 femtometers 10 femtometers

Ref. http://micro.magnet.fsu.edu
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nano-scale ?

The Scale of Things - Nanometers and More

>
Things Natural

-— Microworld —

-— Nanoworld —

102 m

103 m

10+ m

105 m

10Cm

10 7m

105 m

10 m

101%m

___1em
10 mm

1,000,000 nanameters =
— 1 millimeter (mm)

...

100 wm

Microvas:

| 00 mm
10 wm

:

1,000 nanometers =
1 micrometer (um)

Wisible

0.1 pm
<100 nm

| 00ipm

10nm

1 nanometer {nm})

Soft T3y

0.1 nm

Things Manmade

The Challenge

icroE lect rnblechand eal
thelens.
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IieEBEtIen- Nano-science and technology

] Nano-science : the study of the fundamental principles of
molecules and structures with at least one dimension roughly
between 1 and 100 nanometers.

1 Nanotechnology : application of manipulation methods and
knowledge acquired from nano-science.

(A report by the interagency working group on
nanoscience, engineering and technology, Feb., 2000)

Nanomaterials
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IgeeEction- A brief history

1 1959 : Richard Feynman

- Lecture titled “There’s plenty of room at the bottom:
- Considered as “Father of Nanoscience”
- Described molecular sized electronics, machines, and data storage

There’s Plenty of Room at the Bottom:

An Invitation to Enter a New Field of Physics

“People tell me about miniaturization, and how far it has progressed
today. They tell me about electric motors that are the size of the nail
on vour small finger. And there is a device on the market, they tell
me, by which you can write the Lord's Prayer on the head of a pin.
But that's nothing: that's the most primitive, halting step in the
direction I intend to discuss, It is a staggeringly small world that is
below. In the year 2000, when they look back at this age, they will
Richard Fevaman  Wonder why it was not until the vear 1960 that anybody began

Cal Tﬂ:h:]gsg seriously to move in this direction. Why cannot we write the entire
24 volumes of the Encyelopedia Brittanica on the head of a pin? "

11 Nanomaterials This goal requires patterning at the 10 nanometer scale.
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Biction- A brief history

1 1981 : SPM (Scanning probe microscope) invented

- Allowed us to image surfaces at the nanometer scale
- Small tip is scanned across conductive surfaces measuring electrical
current by tunneling electrons to create the image

Tip is scanned relative to the sample
(or sometimes the sample is scanned)
« »

Tip measures
some property of
the surface

N

SPMtip Atomic image by SPM

A feedback mechanism
is used to maintain the
tip at a constant height
¢ above the sample

12 Nanomaterials
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NEEESEience : A brief history

d 1985 : C,, (Buckminster Fullerene, Bucky ball) is discovered. Stable
molecule entirely made of carbon.

1 1990 : With STM (Scanning Tunneling microscope) ’s, IBM researchers
positioned atoms on a surface

1 1991 : Carbon Nano-Tube (CNT) is made entirely of carbon rings.

> )
ﬁ' 4 *:;:»ﬁ % /A{cgﬁﬂh&j’f
v - )' ﬂ'Y %‘)A"‘
PESDF fENT
‘@‘ ;ﬁ&;{» &,j"
oo N
Bucky ball STM image Carbon Nano-Tube
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GEUCTen- Au nanoparticle

d Ancient China (2500 BC)
- medicine- eating, wound healing
potable gold (soluble) — alchemist Paracelsus (16 century)
Aurum Potabile (Latin: potable gold).
Danziger Gold
- paint and printing silk and paper
1 Chinese ceramic porcelain
- An nanoparticle- inorganic dye- red color
A Purple of Cassius (17t century)
— a purple pigment precipitated as a sol by the interaction
of gold chloride and a solution of stannic acid and stannous
chloride
- ruby glass

14 Nanomaterials H. Zhao and Y. Ning, Gold Bull. 33, 103 (2000)
M. Faraday, Phil. Trans. 11, 952, 1857



@@ ULIsAAEHYY

Korea Nano Technology Research Society

IueEliction- Danziger Gold

=Danziger Goldwasser is the registered tradename

of a strong (40%) root and herbal which
has been produced since at least in Danzig
( ).

*The most prominent characteristic of this

Is small flakes of 22
suspended in it (thus gold water). , which
was at its high point in the 16th century when
Goldwasser appeared, believed gold to have many
desirable medical properties. Since the flakes are
extremely small and thin, the price is not
prohibitive. When used as , Gold is
labelled as (

)

= http://en.wikipedia.org/wiki/Goldwasser
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IeEtiction- Purple of Cassius

=Figure: ‘purple gold’ solution that | = Ruby Glass
made on 23.5.05, using Rochelle salt,  Beautiful glasses of pink and ruby red
and on the right my attempt at purple  are made using gold, at about 10-15

of Cassius.’ parts per million

http://www.levity.com/alchemy/kollerstrom_purple_gold.html
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GEUCTen- Au nanoparticle

 Crysotype (or gold print) (John Herschel, 1842)

- photographic process using colloidal gold to record images
on paper

- Herschel's system involved coating paper with ferric
citrate, exposing it to the sun in contact with an used
as mask, then developing the print with a chloroaurate
solution.

d Michael Paraday (1857)
preparation and properties of colloidal gold
colloidal dispersion- stable for almost a hundred years

17 Nanomaterials
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GEUCTen- Au nanoparticle

 Arthritis
- primarily to reduce inflammation and to slow disease
progression in patients with rheumatoid arthritis

- Medical use:
(UK & U.S)
(Gold thioglucose) (U.S.)
(Gold sodium )
(Gold sodium ) (UK)

18 Nanomaterials
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WGEUCLHIeN- Au nanoparticle
d E(Ig)ctrical studies of single nanocrystals

R I L A
6 nm Au Nanocrystal _-/,r
a0 - ' et
| Theory e ]
| Expt. ._”"__.-" /
20 RN S K
o~ - EEETR e s me - 'f
< 0 . .
(b) - -
_Nanocrystals - 1/
. -20 e 7
Linker [ S BaSN—
Molecules [ /
42 K
-100 -50 0 50 100
V _.(mV)
— sd
5 nm
FIG. 3. I-V,; characteristic of a 5.8 nm diam Au nanocrystal measured at
FIG. 1. (a) Field emission scanning electron micrograph of a lead structure 4.2 K. The solid lines show three /—F curves measured over the course of
before the nanocrystals are introduced. The light gray region is formed by several days. Each is offset for clarity. These different curves result from
the angle evaporation, and is ~10 mm thick. The darker region is from a changes in the local charge distribution about the dot. The dashed lines are
normal angle evaporation and is ~70 nm thick. (b) Schematic cross section fits to the data using the orthodox Coulomb blockade model as discussed
of nanocrystals bound via a bifunctional linker molecule to the leads. Trans- ' = - : -

port between the leads occurs through the mottled nanocrystal bridging the

eap. D.L. Klein, Appl. Phys. Lett. 68 2574 (1996)
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eaElction- Tran

d Moore’s law

Transistor Size

1950 1960 1970 1980 1990 2000 2010
Year

Fig. 1 “Moore’s Law™ plot of transistor size vs. year. The trend line
illustrates the fact that the transistor size has decreased by a factor of 2 every
18 months since 1950.

D.L. Feldheim, Chem. Soc. Rev. 21, 1 (1998)
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leeEliction- Transistor

0 MOSFET (metal oxide semiconductor field effect transistor)
(@)

Source Drain Source Drain
t
. Gate + Vaate . Gate
oxide . oxide
n n n n
“"‘®@ @@ Coe
osi @ @ e
|body l body
I!Offll "Oﬂ“
(b)
Source Drain Source Drain
n-channel n-channel
Gate Gate
oxide oxide
ey N -Vgate ey N
oo o> — [0~
e e @ @
| body | body
"on" "Off"

Fig. 2 Schematic illustration of (¢) an NMOSFET and (/) an n-channel MOSFET

D.L. Feldheim, Chem. Soc. Rev. 21, 1 (1998)
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L Point contact semiconductor amplifier

Bardeen and Brattain's point-contact semiconductor

arnip / Iﬁ cr. Cross-sectional diagram of the original point-contact semiconductor amplifier.

spring

® s

ke +

;
sores O

N-type germanium

. Riordan & L. Hoddeson, Crystal Fire, 1997
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eElction- Transie

O First microwatt junction transistor

Drawing of an early microwatt junction transistor, March 1951, The base layer is only 1
to 2 wils thick.

Photograph of one of the first microwatt junction transistors. |

ACTURL SIZE

ghst

:;C HEAMATIC DIACHAM
nf AN TRANSIS TOR
m-1752

M. Riordan & L. Hoddeson, Crystal Fire, 1997
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Figure 1 Fabrication of single-malecule transistors incorparating individual divanadium

=Atomic force microscope image of a single carbon molecules. Top left, the structure of (NN’ N° - rimethyi-1,4,7-
nanotube crossing two platinum strips, which are used triazacyclononane).VzCNJ(-Celd] Ime\'zmbﬂmﬂlasdetﬂrmiﬂﬂghﬂ;w ;

. . . crystallography; red, grey and blue spheres represent respectively V, C and N atoms. Top
as source and dram ContaCt.S’ On the I'Ight, a Dart 1S right, the schematic representation of this malecule. Main panel, scanning electron
seen of a third electrode which could be used as a micrascope image (false colour) of the metalic electrades fabrcated by electran beam
gate. The distance between electrodes iS 200 nm. |n lithography and the electromigration-induced break-junction technigue. The image shows

two gold electrodes saparated by ~1 nm above an aluminium pad, which is covered with
an ~3-nm-thick layer of aluminium oxide. The whale structure was defined an a silicon

. . wafer, The bright yellow regions comespond to a gold bridge with a thickness of 15 nm
S. J. Tans et al., Delft UmverSlty of TeChnO|Ogy> and a minimum lateral size of — 100 nm. The paler vellow regions represent portions of

the gold electrodas with a thickness of ~100 nm. Main panel insat, schematic diagram of
a singla-V; transistor,

L. Kouwenhoven, Science, 275, 1896 (1997) W. Liang, Nature, 417, 725 (2002)

the upper left corner a short tube is seen. [Courtesy of
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O Single Molecular Transistor
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Fig. 1. (A) SAMFET structure. A highly doped 5i substrate is used as the gate electrode, a thermally
grown 5i0, layer acts as gate insulator, the gold source electrode is deposited by thermal
evaporation, and the active semiconducting material is a two-component SAM of alkanedithiols
mixed with 4,4'-biphenyldithiol or 5,5"-terthiophenedithiol. The drain contact is defined by shallow
angle shadow evaporation of gold. The active region of the device is magnified. (B) Transfer
characteristics at room temperature of two SAMFETs (drain-source voltage of —0.5V ). The control
corresponds to a “pure” 4,4'-biphenyldithiol SAM, whereas the second one is based on a two-
component SAM (4,4'-biphenyldithiol to alkanedithiol ratio is 1:100). The inset shows the current
at a gate and drain-source voltage of —0.5V as a function of the mixture ratio.

J.H. Schon, Science, 292, 2138 (2001)
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Nanotechnology

=
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— Nanostructure fabrication by patterning
(lithography or etch process)

% Precise, but limited to small area
% Too expensive
¢ Pollution, high enero

: COﬂSUIIIQtIOﬂ
PATTERNS ARE PACIECTED y i d

METAL NEW PHOTCRESIST 15 S7UN REPEATEDLY ONTO WAFERT " . l]

§ NND STEPS 2104

Nano guitar

Nano on

27 Nanomaterials
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GEUCLHIoN- Bottom-up Approach

Self-assembly and Synthesis of atoms and molecules
. Imitation of an ecosystem
% No pollution problem, low energy consumption

% Technically difficult to achieve, but innovative on all processes
If achieved

28 Nanomaterials



