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« Advantage of materials in nanometer dimensions

« Nanomaterial analysis technology
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Volume 1 cm® Volume 1 cm®
Area 6 cm® Area 12 cm?

Side 1 cm Side ¥2cm

- ' ' What is the nanotechnology? The term
' ' nanotechnology is employed to describe
the creation and exploitation of materials
with structural features in between those

Volume 1 cm® Volume 1 cm®

Area 24 cm? Area 60,000,000 cm’

side % om Side 1 nm of atoms and bulk materials, with at least
A dimension in the nanometer range (1 nm
=10°m).

There are many uses and applications available using nanotechnology
that are not possible using conventional materials which make it unique.
For applications that use a substance’s chemical properties, substantially
less nanomaterial may be required to do the job of a conventional
material. The chemical reactivity of a material is related to its surface area
compared to its volume and the surface area for a nanoparticle is
enormous per unit volume. The diagram below illustrates how surface
area increases when a material is dissected into nano-sized particles.
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Methods of controlling the NPs size

(A) k — '-‘;, ’ Since NPs exhibit
Multiply Twinned Quasi-sphere Wire special properties
and these properties

G wth
At ——  — % — ’ _ vary with the size of

st Sy Tymed Right Bipyramid ~ Beam NPs, controlling the
NPs sizes becomes
- \l/ an important issue.
Sphere Cube Octahedron Changing the size of
| NPs in chemical
synthesis methods is
usually carried out
by precisely
controlling the
synthesis process

and concentration of
reactants.
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NC arrays fabricated by Chemical self-assembly

(a) OOH
COOH COOH NaBH RSH
4 HAllCl4
COOH cood RSH (R-R -coon-l coo COOH
{R=R'-COOH; R =alkly or aryl) GooH
COOH R‘=alkly or aryl) cltrate

NCs of different sizes have been synthesized from AuCls-, predominantly, using
either citrate or sodium borohydride as reducing agents.
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Hydroxyl/oxide groups on the substrate (e.g., glass,
quartz, Si) surface provide active sites for the attachment
— of an alkoxysilane possessing functional group A, where
| BEPZRITII R Ahas a high affinity for gold.
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T he absorbance spectra and particle coverages for glass slides immersed
in 15-nm-diameter colloidal Au solution as a function of time.
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Nanocluster arrays fabricated by laser annealing
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lines deposited on a substrate,

followed by melting using a single

excimer laser pulse.




Evaporation of gold

(a) NP structure fabrication by a
combination of the nanosphere
lithography and laser-induced transfer. (b)
Dark-field microscope image and SEM of
gold NPs fabricated by single laser pulses
on a receiver substrate.
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Plure. T xf;;;m,m s relative velocity of the NPs in air (760 torr).>**
5ta, . . . . .
"‘Wum) Pused silica (b) The air dfag force on a nanoscale pa‘rtlcle moving in a
substrate seous medium had been reported previously from related
60 ga P p y
= 5 - theoretical calculations.” We proposed that the air drag force
100 & SO0p ] was proportional to the volume and the velocity of the NPs;
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Fig. 5b (dashed line) presents a plot of the calculated average
particle size with respect to the jet distance. The experimental
data (red dots) fitted the calculated curve quite well.
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Incoming 2 Transmitted Light

Light X
AN/

AN

Absorbed Light

Scattered Light

The theoretical principles that describe the metal NCs interaction with
light are covered by Mie, Maxwell-Garnett and Drude models.

The extinction spectra (extinction = scattering + absorption) of spherical
particles of arbitrary size.
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Physical and chemical properties of metal NCs

Surface plasmon resonance (SPR)

E-field Metal

sphere -

Schematic diagram of
plasmon oscillation for a
sphere, showing the
displacement of the
conduction electron charge
cloud relative to the nuclei.

The strong interactions of metallic NCs with
incident light, i.e., with the oscillating electric
field, originate from the excitation of collective
oscillations of conduction electrons within
these particles. The collective oscillation of the
~ electrons is called the dipole plasmon
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Particle-particle coupling

A Au particle(20nm)
with different distances

Absorbance(arb.unit)

400 500 600 700 800

Wavelength(nm)

The close contact of metal NCs leads to the appearance of
an SPR band attributed to the coupled plasmon
absorbances of the NCs. This property has been predicted
theoretically.
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Chemical affinity

0.1 mM thiol
1.0 mM NaOH
cthanol
R
1 $
iy, :
S (CF;)sCF;3 0
11 (OCH,;CH,)sOH 0
OH 0
0.1 mM thiol » CO2CH3 0
1.0 mM NaOH BO2H 2 0<s<2
cthanol CO;H O<s<1
PO3H:2 O<s<2

Gold-thiol chemistry: The modulation of SPR for surface-modified Au nanostructures
should be dominated by the dielectric constant of the absorbed layers instead of the
bulk solvent medium. As a result, Au nanostructures provide a highly sensitive means

of detecting changes that occur in the region extremely close to the gold-solution
interface.
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Absorption spectra of AuNPs (1) in the absence
3 of cysteine, (2) in the presence of 1*10sM
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cysteine and 1mM Cuz+, (3) in the presence of
1*10-sM cysteine and 1mM Cuz+, and (4) in the
presence of 1*10-7M cysteine and 1mM Cu-.
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Quantum size effect

CB splitting
Particle size
about 10 nm
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Catalytic properties

Reduction
v Led n— 7 y
Kghty e JR2+e --->Q02
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Valance Band
S ¥
/ ht| OH +h-->FOH
Oxidation *
Break down
Photodynamic Catalyst with UV LED Tech. Co2,H20

Au NCs supported on Co3Os, Fe20s, or TiO2were highly
active catalysts, under high dispersion, for CO and H:
oxidation, NO reduction, water-gas shift reaction, CO:
hydrogenation, and catalytic combustion of methanol was a
surprise, and was considered important by the chemical
- community.
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Surface Antireflection

Micro-scale texturing techniques

60 -
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Replicated inverted pyramid arrays in silicon. Experimental (solid) and simulated (dotted)

optical reflectivity at normal incidence.

_ Most of optical devices on thin layer of a dielectric as a antireflective
) BR A S sE545F 0k COating to reduce the reflection of light from the front surface of the
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Sub-wavelength antireflective texturing technigues

A
C
Numerous methods have been
developed to fabricate Si
= = nanostructures using top-down or
\ bottom-up approaches
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Vapor-liquid-solid (VLS) growth, reactive ion
etching (RIE), electrochemical etching, or
metal-assisted chemical etching, all of which
aim to control various parameters of the Si
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One-dimensional nanostructure optical
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The enhancement effect is particularly strong for Si surface
nanostructure arrays, which provide nearly perfect impedance
matching between Si and air through a gradual reduction of
the effective refractive index.
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Tunneling effect

(a) N-type Tunnel FET Schematic

Gate
Gate

Band-to-band tunneling (BTBT) is
enabled at the source-channel junction

(c) Homojunction TFET

(b) Vertical n-type llI-V HTFET
cross-section TEM Micrograph
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One-dimensional nanostructure field emission properties

PixTech’s Field limission Display

INDIVIDUAL PIXEL

-

RED SUB-PIXEL GREEN SUB-PREL BLUE SUB-PIXEL
g - e

ANODE /,\ ‘ﬁ/

110 LAYER:

BLUE PHOSPHOR
GATE ROW
7 +

2.5 MM

ALUMN UNE !
Sources: PixTech RESISTIVE LAYER

-

PixTech uses a Spindt-type conical cathode structure. The molyhdenum cathodes are about 1.2 pm tall.
There are hundreds of such cathodes for each pixel, containing red, green, and blue phosphor elements.

Field-emission, is one of the main features of nanomaterials
and nanostructures, and is of great commercial interest in
displays and other electronic devices.
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2D Materials--Device
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Annalysis-Workfunction

Kelvin Probe
(I)l‘,- VvV
E#0 ® Non-contact, non-destructive vibrating
Exe _W._* = t“ capacitor device used to measure the work
-+ function of conducting materials or surface
- +

potential of semiconducting or insulating

-7 surfaces.
* The technique is extremely

sensitive to the topmost

layers of atoms or molecules,

work function resolution of 1 - 3 meV.
P, * Unique ‘off-null’ measurement system
. also maintains average tip-sample
separation to within1 m, tip to sample

Cov tracking




Vibrate the tip, AC Signal Produced

Vibrating Probe Tip “« l ‘

Kelvin Probe signal changes over time
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ng Kelvin Pro

Voice coil

Probe oscillator
and Z fine
height driver

I/V converter
and tip

Pre-amplifier
AD

DA converter

XY stage and
Z coarse
height driver

XY Stage

PC houses the digital oscillator (which powers the voice coil
actuator), data acquisition system and motorised (x,y,z) stage
controller. The signal is derived from a low-noise, high-gain

current to voltage (I/V) converter mounted close to the tip.
Y [mm]

1.D. Baikie et al Rev. Sci. Instrum. 70, 1842 (1999), Rev. Sci. Instrum 69, 3902 (1998). AWE le¥]
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KPTechnology
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Aluminium Refe
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Tip Size: 2mm
Scanning Area: 10x16mm
Operator: 1. Baikie







