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Step ‘nto a
Nano-world



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Step into the nanoworld.flv

:L What is Nanotechnology ? o

One definition:

Engineering of materials and devices at scales that
allow access to new length-dependent phenomena
In reality:

A collection of research areas with a common,
unifying theme:

The control of matter and structures at the
nanometer scale
The objective of this class:

To provide a broad and wide-ranging overview of

™) T % % such fields
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file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanotechnology for Students.flv
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MANUFACTURING NANO-OBJEC

NANOGUITARS

This micro-instrument was made from silicon. Each of its strings measures
about 50 nm, while the thickness is 100 atoms. Despite Its tiny size, it was
manufactured using the top-down technique. Physicists at Cornell University
have used a laser beam to pluck the strings of the smallest guitar in the world
and managed to produce a particularly high-pitched sound of 40 MHz.



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/nano-guitares.flv

SEM image of a grain
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:L Contents of Nanotechnology

I. Nanofabrication and Characterization
II. Nanomaterials and Nanostructures
III.Nanoscale and Molecular Electronics
IV. Nanotechnology in Integrative System
V. Nanoscale Optoelectronics

VI. Nanobiotechnology (time permitting)

VII. Nano-electronic-mechanical system (NEMS)
g?m(’);gofﬁygé




&

2
*
#
B
7
%
2
4
x
X
S




INRAFRONE . SR AR Bl — AR, FETERRIME T — bR A b
RS, RS 5 (R I S M R, b pA A, R b
KA/, R MR R TR T, HAKRDR R S 5 S T A
Pt KT T /N, RS R0 S R BTN, PRAMEOREYE . T L SR, A,
TN, LS b L A A2 R PR L AR A 1R AR L -

B RO BEEGRMELR TR TR, 86 FESA T R E¥ 23— R E /)
PR, SRR BN TR B R BURAR) I, SoKBER L B H 1 REZR i
ELLAERR NI SLRER A RERE T - & BICE:-FRGIRM R 13 AR R R
SERE AT LI B BAT Jr SLES R RTRESR, REUTCOEAEE £, A2 AT S D B8 RO 75
P ST AR IO . By RO ROV R BT RER R REPRAR TR, ANRA R A0 fE
BN, SCFEWI BT IR . (R, GURAR TR BRI A K TGS
—RrARLR TR N, A R R A RE A o, AT BT SR AR S B0 FE A 1



KA 5 b 8 R B
PR 3 =Y L)

- - ~Tr—
el R —

V
Bulk Gold = Yellow

Nanogold = Red

4::1064.43 °C
K& RIE R H{ A330°C



REBN . BEEFURME RS BIRCN, EREPYE (REAVARD) MRER T8E

R, REH. REARRELSS RN Rk, BT RER A RRSGET
B, GEABHER, BAAMAN, 258508 FHI% S TiRREEELH,
K LA R AL S 4 LB AL T -

FWEFPREERN . BFRERNERAYE TG —, YSE0RN SRR
NTRLEEN, ZR TR R, TEkR, MR- WE, Fnkk

RIS RE . &7 R4 0 o O 28 B DA K R far St FoA BB U8, BT AT RS k2 W
RGP RSB 2 AR, FOVEMETRRIERN . 7 E 7 b IE RO & m A7 T4
AMELZ PR EZ —




FE MR (Effect of Surface Area)
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I. Nanofabrication/Characterization

Will provide an overview
of technologies that enable
nanoscale research

—— T — \\_-\’:',E 4
Nanophotolitog raphy Self-Assembly
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Manulfactaning MEMS

.

E-beam lithography

Laser sterolithography

Atomic force
N 32 Z K microscope NPL m National Physical Laboratory

eanes School of Physics Crown Copyright 2002




SEEING AND MANIPULATING THE INVISIBLE



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/STM.flv
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II. Nanomaterials and Nanostructures

Will provide an overview
 of nanomaterials and

2# nanoscale synthesis
A techniques
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:h Nanotube movies -

Carbon nanotube-based
nanoprobe (*“nanotubetip”)

IBM Carbon nanotube-based ("
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file:///C:/FuYQ20/Lecture-亚波长光学/Videos/nanofactory.flv

‘L III. Nanoscale Molecular Electronics

Drain

Challenges in electronic devices

Sustained need of smaller and faster
electronics may require revolutionary
approaches to device manufacturing

Nanoscale CMOS Single-Electron Device Molecular Electronics

W 32 % %
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IV. Nanotechnology in Integrative Systems

Ll

Challenges in microsystems

- complex architectures

- reduction of system size

- lower power consumption

- requires new "success" stories

40KU  R7, 280 " %6mn

m | ¥ W N [ B r
Introduction to MEMS Nanoelectromechanical  Micromechanical Sensors
) W 2 & % Systems (NEMS)
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:L V. Nanoscale Optoelectronics

Challenges in optoelectronics

- device efficiency

- device tunability

- device integration

- novel materials for new applications

Quantum devices Organic Assemblies Photonic Crystals

% 32 % %
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Organic Optoelectronics
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file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Cellphones of the Future.mp4
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file:///C:/FuYQ20/Lecture-亚波长光学/Videos/iPhone8概念机视频.mp4
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@ ,; Optical tweezers
School of Physics


file:///C:/FuYQ20/Lecture-亚波长光学/Videos/optical tweeer.avi

VI. Nanobiotechnology

Worm micelle

Biomimetic Nanostructures Molecular Motors
O % % %
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Nanofluidics



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/ATP Synthesis.flv
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobiotechnology-Enzyme Immobilization.flv
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/DNA-Transistor-Animation.flv
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Nanorobots for
life science

Future dreams




Arteries become narrowed and blood
flow decreases in arteriosclerosis

\\

Buid up of fatty
substances n the
wall of the artery

Nanorobots may treat conditions like
arteriosclerosis by physically chipping away
the plague along artery walls.
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Tiny nanorobots the size of cells are programmed to travel through the
bloodstream, finding and repairing defects in the body’s organs and tissues.
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vedios/drug delivery.avi
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/drug delivery.avi



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobots Flowing Through a Blood Vessel.flv




Powerj nano-robotics
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http://www.sciencephoto.com/images/download_wm_image.html/T395199-Medical_nanorobots-SPL.jpg?id=843950199
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Powering nanorobots.mp4

Nanorobot replacing nerons
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file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Nanobots replacing neurons.flv
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Nanorobots can be
Injected into human body
by this way!!



UNA-repair nanorobot concept



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/DNA repair nanorobot.flv



file:///C:/FuYQ20/Lecture-亚波长光学/Videos/ID, Wallet, Keys All In Your Hand Sweden Moves Into The Future With Microchipping.mp4
file:///C:/FuYQ20/Lecture-亚波长光学/Videos/Microchips Implanted Into Employees Of Wisconsin Business.mp4
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Stem cell utilization: regenereation
+ cloning technique
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FLAR AR

1. Scientists remove 2. A mammary gland cell is

the nucleus of an nucleus removed from an adult female

eqgqg cell from a sheep. This cell and the egg cell

female sheep. are placed next to each other
in a bath of chemicals.

egg
cell

eqqg mammary
cell gland cell

lERA

5. The embryo is then inserted into the
uterus of a surrogate mother to
complete its development. The
resulting lamb is a clone of the sheep

embryo

Figure 5.32 The reproductive cloning process

that donated the mammary gland cell.

dividing cell

3. Ajolt of electricity
causes the two cells
to fuse.

cel $ gland e

fused cell

4. The fused cell
begins dividing
to form an

embryo.



Future technology

@x patient requiring Stem cells removed from the embryo are
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The Ebola
Virus
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What is Nano-Optics?

An example definition
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Example: Photonic crystals

... have lattice constants comparable

to light wavelengths: a ~ A

... can be artificial or natural

... have properties governed by the
diffraction of the periodic structures

... may exhibit a bandgap for
photons

... typically are not well described
using effective parameters g 1, n, Z

... often behave like but they are not
true metamaterials



Gﬁ?ﬁ'ﬁﬂi (photonic crystal)
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Any special with negative refraction?
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Metamaterials for invisible effect
HOW A CLOAKING DEVICE MIGHT WORK

Researchers have theorized that
plasmonic materials could render . Metamaterial shell
objectsinvisible. In one proposal, the |
cloaking device would be a thick shell
constructed of metamaterials, which
exhibit unusual optical properties.
This shell could bend electromagnetic
radiation around its central cavity, in
which a spaceship could be hidden. A
space telescope pointed at the shell
would see only the galaxy behind it.

Spacetelescope

Light from galaxy

Spaceship

PHIL SAUNDERS Space Channel Ltd.



The Lycurgus Cup (glass; British
Museum; 4th century A. D.)

When illuminated from
outside, it appears green.
However, when
Illuminated from within
the cup, it glows red.
Red color is due to very
small amounts of gold
powder (about 40 parts
per million).




The Lycurgus Cup (glass; British
Museum; 4t century A. D.)

SHLENE ( 40ppm ) EEgR ( 300 ppm ),
PR Z70nm, & SREEAEIRS: 7.
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The cup was "perhaps made in Alexandria” or Rome in about 290-325
AD.

o



http://en.wikipedia.org/wiki/Alexandria

“Labors of the Months” (Norwich, England, ca. 1480).
(The ruby color is probably due to embedded gold nanoparticles.)
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Concept of structure design In nano-optics
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