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Small is beautiful ? !




What are Atoms and Molecules?




The next “Big Thing” 1s happening in very,
!

Very, very smallsmane

‘Nanotechnology is an enabling technology
that will change the nature of almost every
human-made object in the next centuryy”



Richard Feynman in his talk (1959 APS)
There's Plenty of Room at the Bottom,
in which he described the possibility of synthesis
via direct manipulation of atoms imitating nature

The term "nano-technology" was first used by
Norio Taniguchi in 1974

K. Eric Drexler used the term "nanotechnology"
in his 1986 book Engines of Creation: The Coming
Era of Nanotechnology, proposed the idea of a
nanoscale "assembler” which would be able to
build a copy of itself and of other items of
arbitrary complexity with atomic control.




What is Nano?
—

zomes from the
word nanos,
2aning dwarf.




What is the Nanometer Scale?

It is a standard of measurement of the very small.
One nanometer (nm) is one-billionth of a meter and is 10-°.

Meter - m

Millimeter - mm - 1,000 times smaller than a meter
Micrometer - p - 1,000 times smaller than a millimeter
Nanometer - nm - 1,000 times smaller than a micrometer

1,000 X 1,000 X 1,000 = 1,000,000,000 times smaller




Please Remember!

A nanometer is one-billion times smaller than a meter!




The Nanoscale Is Difficult to See!
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What is Science?



What is Science?

The systematic study of the structure and behaviour
of the physical and natural world through observation
and experiment.
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Charles Robert Darwin

[AZVAVR ZAVTATA IR

British naturalist and biologist known for his theory ofz
evolution and his understanding of the process of
natural selection.
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Evolutionism is a term used (often derogatorily) to denote the theory of evolution

Darwin's in Origin of Species

2. Geospiza fortis.
3. Geospiza parvula, 4. Certhidea olivaea.

1. Geospiza magnirostris.


https://en.wikipedia.org/wiki/Theory_of_evolution

What are Nanoscale Science and Technology?




is working with

is working with




Why Nanotechnology?

And why now?




| WHAT IS NANOTECHNOLOGY?

Structures Devices Systems
(e.g.materials) (e.g. sensors) (e.g. NEMS)

* 1 millimeter = 1,000 micrometers;
1 micrometer = 1,000 hanometers




What 1s Nanotechnology?

Nanotechnology 1s about:
* Making small objects
* Manipulating small objects

- Creating new materials by varying the
size of the objects

* Building structures from small objects



Nanoscale

——— 10 nm
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ORDERS OF SCALE

Tera — trillion, 1012

Giga — billion, 10°

Mega — million, 10

Kilo — thousand, 10°

Macro — referring to big or visible
Milla — 103

Micro — referring to small, also 10
Nano - 1079

Angstron  — 1010

Pico — 1012

Femto — 1015



UNDERSTANDING SIZE

How big (small) are we
talking about?

© 2003 by Glenn Fishbine



UNDERSTANDING SIZE

o1 centimeter

source: CERN http://microcosm.web.cern.ch/microcosm

© 2003 by Glenn Fishbine




How do we know about nanoscale?

Powerful Microscopes (relatively old invention)

© David Scharf

Scanning
Electron
Microscope
(SEM)

Cat Flea Jp
Pl
i) : -

Transmission
Electron
Microscope
TEM
i A (TEM) ,.
Fibroblast Cell on Pillars Sickled hemoglobin in red blood cell

This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at
http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



UNDERSTANDING SIZE

100 micrometers
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source: CERN http://microcosm.web.cern.ch/microcosm
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UNDERSTANDING SIZE

0 10 micrometers

source: CERN http://microcosm.web.cern.ch/microcosm

© 2003 by Glenn Fishglne




UNDERSTANDING SIZE

o 1 micrometer

source: CERN http://microcosm.web.cern.ch/microcosm

© 2003 by Glenn FishEme




UNDERSTANDING SIZE

100 nanometers

source: CERN http://microcosm.web.cern.ch/microcosm

© 2003 by Glenn Fishbine



UNDERSTANDING SIZE

10 nanometers

source: CERN http://microcosm.web.cern.ch/microcosm

© 2003 by Glenn Fishbine












> i Color in Butterfly Wings

It i1s well known that the coloration of butterfly wings has two
main sources. Color arises either from pigmentation or from
structure of the wing scales. The first one is also called
chemical color, the second one physical or structural color.

Pigments found in butterflies (melanins, pterins) can produce
yellow, orange-yellow, red, black, and brown colors.

As to our best knowledge, in butterflies pigments can produce
no blue, violet and green colors.

Blue, violet and green colors are result of the scales micro-
and nanostructure. From here we concentrate on structural
color.
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Physics Phenomenal! : Photonic crystals

@ PCs contain regularly repeating internal regions of high
and low dielectric constant \ affect the propagation of EM

@ Photons propagate through this structure (with out
scattering) or not depend on their wavelength.

@

Reflected
wavelength is
the optical
Insulator!
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Because of the nanostructures This magnified image shows the
on a butterfly wing or other nanostructures on a wing surface.

hydrophobic surface, a Because of the waxiness of the surface,
waterdrop forms into a ball, the waterdrop rolls — rather than slides —
down the surface with little friction. The
drop collects dirt and bacteria on its way,
and in effect cleans itself.

rolling from the surface and
taking the dirt with it.

Nanostructures, (tiny waxy "spikes®), on
the surface prevent a water droplet from
reaching the underlying material. It rolls
off the waxy tips which are very small
compared to the water droplet. The force
of the rolling water is greater than the
force of attraction between the surface
and dirt or bacteria which allows it to be
d away.
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butterfly wing inspires scientists to develop textiles by
assembling nanoparticles into layers from the ‘bottom up’.

sm Polycation
.t Nanoparticle A

$ Vv anopatticle B

Sequential Ionic Self-Assembly (ISA)
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Beautiful colored self-cleaning , odor free, wrinkle
free and water repellent cloths!

= I
Does that sound like a good idea to you?-
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T Toucan Beaks
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@ Take a nanoscience idea from nature.

@ Create a superbeing or supertool that has
a special power based on this nanoscience
Idea.
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Comparison of typical dimension

3D
Atom

-Bulk crystals (cm)

e free to move (K.E =0)

50

2D 1D 0D (3D)
2DEGs -Q Well(nm) Quantum wire Quantum Dot
[lllﬁ nm

de Broglie A = h/p =h/N3m kT

A
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Fabrication process

Top-down and bottom — up appraoch

Top-down approach is like carving a structure from
block with small tools




Fabrication process

Bottom-up approach is like building a structure with
brick and mortar

s
et a,, ey T\’!,
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Surface-to-volume ratio is high
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Effect of Surface to Volume ratio:

®
|
Assume cubic solid of side ‘a’ ?
Surface area = 6 x a2, Volume = a° .
Y

Surface area to volume ratio = 6a% /a? =6/a

‘Cut the solid into four pieces each piece
having a side a/2’

Surface area of each piece =6 x (a/2)?= 6a?/4
Volume of each piece = a3/8

Surface area to volume ratio =
(6a%/4)/(a3x8)=12/a
Result :

by reducing the size we increase the surface
area to volume ratio.

If the density of the solid remains same, then
more number of atoms will be on the surface.


http://rds.yahoo.com/_ylt=A9iby4ad6D1FIT0BN86JzbkF;_ylu=X3oDMTBkYTNwY3VnBHBvcwMxNgRzZWMDc3I-/SIG=1g3va39ut/EXP=1161771549/**http%3a/images.search.yahoo.com/search/images/view%3fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dcubic%252B%252527unit%252Bcell%252527%2526ei%253DUTF-8%2526fr%253Dslv8-ymso%2526x%253Dwrt%26w=228%26h=236%26imgurl=www.chemprofessor.com%252Fsolids_files%252Fimage009.jpg%26rurl=http%253A%252F%252Fwww.chemprofessor.com%252Fsolids.htm%26size=5.4kB%26name=image009.jpg%26p=cubic%2b%2527unit%2bcell%2527%26type=jpeg%26no=16%26tt=165%26oid=3ba054e3ecde2882%26ei=UTF-8

GaN Nano crystals
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Nano wire
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Size effects

\/
Ag Nanoprisms Au Spheres Au Spheres Ag Spheres Ag Spheres Ag Spheres
~100 nm ~100 nm ~50 nm ~120 nm ~80 nm ~40 nm
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Size effects

0.5 1

0.4 1

0.3 1

Absorbance

0.2 1

0.1 1

200 300 400 500 600 700 800

Wavelength (nm)

Bharathidasan University, Tiruchirappalli




Quantization effects




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

When illuminated from
outside, it appears
green. However, when
Illuminated from within
the cup, it glows red..
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Lycurgus Cup illuminated from within

When illuminated from
within, the Lycurgus cup
glows red. The red color
is due to tiny gold
particles embedded in
the glass, which have an
absorption peak at
around 520 nm
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What is the origin of the color? Answer: “surface plasmons” - SP

An SP 1s a natural oscillation of the electron gas inside a gold
nanosphere.

SP frequency depends on the dielectric function of the gold, and
the shape of the nanoparticle.

(not to

Ionic  —, scale)

background electron
sphere

Electron cloud oscillates with frequency of SP; ions provide restoring
force.
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Sphere in an applied electric field

—

Incident electric field
is E,exptiwh

EM wave

E-field

Melal
sp 1crc T

e cloud

Surface plasmon is excited when a long-
wavelength electromagnetic wave Is incident
on a metallic sphere.
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How do we know about nanoscale?

o New tools: Scanning Tunneling Microscope
(STM) and Atomic Force Microscope

30 nm * 650 nm

Reciever

A

Cantilever

any kind of surface

0O nm

AFM Paired Helical Filaat

Invented in 1986 by
Bl nn |g ! Qu ate a nd Gerber This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at

http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html




S =

direction
af replication

The study of
nanometer
scale things? "™

ald strand

hew strand

ald strand

5.’
3-’
21998 Encyclopaedia Britannica, Ine.

DNA

Carbon
Nanotubes

water This slide is adapted from the lecture notes posted at

http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo




Isn’t this just

Physics, Biology |INGIISSISIIESE

and Chemistry??

IS am dUNIO)

Chemistry done in
beakers (many billions
of molecules)

Ide is adapted from the lecture notes posted at
http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo



psclence

o Stu g INDIVIDUAL nanomefer scale

Observation

Q

Xperiment/Manipula

This slide is adapted from the lecture notes posted at
http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo




Can Scientists really do this now?

Don Eigler, IBM

Iron atoms on a copper surface

This slide is adapted from the lecture notes posted at
http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo



Atomic Manipulation

Scanning
Probe Tip

Atom 7

This slide is adapted from the lecture notes posted at
http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo



NOBEL PRIZE in Physics in 2010

Scotch Piece of
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Carbon is very important in Nature

1- It is the 4th most abundant element (after H, He and O),

2-  Itis part of the very important natural processes (DNA, Cells,
photosyntheszs, CNO cycle for the formatton of stars...)
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3D Allotrope ..
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http://www.diamonds-are-forever.org.uk/mohs-hardness-scale.htm

transparent precious gem = \

ﬂm@ made totally of Carbgn




3@ﬂ[lbt1’0pe i ...lS a transparent

p st o benerystal of
tetrahedral shaped
bonded carbon
atoms. A
tetrahedron is

composed of four

Tetrahedron structure triangular faces,
B ' - three of which meet
W f at each vertex. The
_ S N tetrahedral
(fl w arrangement of
LD atoms is the source
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Sp2 hybridized o bond
Sp3 hybridized o b ",‘\;—*/
Strong Bond — x, y a ‘?.“‘i—u
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Dimensionality of carbon
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The Nobel Prize in Chemistry 1996

Robert F. Curl Jr.
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Discovered by lijimain 19917




Can be considered as

/Single Atomic Layér
of Carbon atoms the Mother of all
aligned in a Honey Carbon Based
Comb Lattice. Allotropes.
f— —
Competition
| is Heavy.
Thermodynamically
single atomic layer of
any material is

\__highly unstable.
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Scotch tape —
Mechanm"’ bt




Scotch tape —
Mechanical exfoli

“A fresh surface of a layered crystal was

rubbed against another surface (virtually any solid
surface 1s suitable), which left a variety of flakes
attached to it (the

rubbing process can be described as similar to
“drawing by

chalk on a blackboard”). Unexpectedly, among the
resulting

flakes we always found single layers. Their
preliminary

1dentification amid thicker flakes and other residue
was done n an optical microscope. 2D crystallites
become visible on top of an oxidized Si1 wafer
because even a monolayer adds up sufficiently to
the optical path of reflected i1ght so that the
interference color changes with respect to the one of
an empty substrate (phase contrast). The whole




2004 [K.S. Novoselov et al.,

Crystal faces
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* K. Novoselovet al.,Science 306, 666, 2004.
- K. Novoselovet al., Nature 438, 197, 2005.
» K. Novoselovet al., Nature Physics 2, 177, 2006

Disco ve ry 22 OCTOBER 2004 VOL 306 SCIENCE www.sciencemag.org
Electric Field Effect in Atomically

Thin Carbon Films
2 D AI IOtrOpe N i S 1 NOVOSGIOV K. S. Novoselov,” A. K. Geim,"* S. V. Morozov,” D. Jiang,’

Y. Zhang,1 S. V. Dubonos,? I. V. IIG-rl'gcnrienra,1 A. A. Firsov®
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A TWO DIMENSIONAL CRYSTAL

o In the 1930s, Landau and Peierls (and Mermin, later)showed
thermodynamics prevented 2-d crystals in free state.

o Melting temperature of thin films decreases rapidly with
temperature -> monolayers generally unstable.

o In 2004, experimental discovery of graphene- high quality 2-d

crystals
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http://www.nature.com/nmat/journal/v6/n11/fig_tab/nmat2011 F1.html#figure-title



A TWO DIMENSIONAL CRYSTAL







PHYSICAL PROPERTIES OF GRAPHENE

Young modulus : aliRa

spring constant : 1-5 N/m

Carrier mobility - 2 X 10°cm4V-1s-t @300K
Resistivity - 10-° ohm-cm

Thermal conductivity- di8d =5 B0RGTORM Sk
Carrier \Velocity - 1 X 10% m/s

Low Johnson Noise

Zero mass Carriers -  Dirac Fermions

Hard to Believe Graphene is

100 times stronger than Steel!




Why Graphene?

transistors
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Invention of Transistor

Wil '-~...: Shockley’
sJohn'Bdrdeen,
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Nobel Prize in Physics

The subsequent invention of transistor using this
unusual property, not only lead to the Nobel
Prize in Physics in 1956

but, more importantly it accelerated us through
the INFORMATION AGE.

Bharathidasan University, Tiruchirappalli




The invention of transistor was
first device for the development of
INFORMATION AGE. It has
changed the many aspects of
human modern life that drive the
current Socio — Economic lifestyles.

TRANSISTOR WAS THE FIRST
TOOL 1

Bharathidasan University, Tiruchirappalli
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Integrated Circuit

The invention of the transistor ushered in the development of the
Integrated circuit,- the forerunner of today’s silicon chips.

The first demonstration was made by Jack Kilby in 1958

1923-2005

Bharathidasan University, Tiruchirappalli




Integrated Circuit and Semiconductor Devices

Robert Noyce - Fairchild semiconductor
Jack Kilby

Herbert Kroemer - Growing of heterostructures
Zhores Alferov - Semiconductor laser based on heterostructures

Jack S. Kilby - Invention of the IC

Bharathidasan University, Tiruchirappalli




In 1965, his prediction, popularly known as
Moore’s Law,

states that the number of transistors on a
chip will double about every two years.

Semiconductor Road Map / Moore’s law

Has kept that pace for nearly 50 years,
continues to be guiding principle of the
semiconductor industries.

: e§8080 mp
“wii | As the process shrink, the wasted
21| energy becomes a major problem and
e ® i results in a less efficient system
00000 : | Hafnium-based high-k metal gate used
in production today
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soUrce gate drain

32 1mMm

<

! ! >
inversion channel gate oxide  Si substrate

32nm silicon technology

Intel® Itanium® processors codenamed Tukwila

1.9 billion transistor in a single die

Source : Intel corpn
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http://www.intel.com/technology/architecture-silicon/32nm/index.htm?id=tech_mooreslaw+%20body_32nm

>0 V<0

Depletion of carners, Accumulation of carriers,
conductance decreases conductance Increases

[ ¢

Bharathidasan University, Tiruchirappalli




Current flow | ~10°m.s?
—

~1mm




MINIATURIZATION

Current flow 1 ~1.4*10%m.s?

FETs are held together than mean
free path, the processor speed can
be increased two orders of

magnitude, as the carriers are
traveling at the Fermi velocity

At this length scale, the phase coherence of the
conduction electrons causing quantum interference
effects and conductance fluctuations, and capacitive
effects causing Coloumb Blockade.




Fundamental Limit - tunneling process

Gate dielectrics (1.1 nm for 45 nm source gate draiin
technology node)

have already been reduced to a
thickness in which tunnelling processes
take place and the device voltage
cannot be reduced as quickly as the
transistor dimensions

inversion channel gate oxide  Si substrate

Moore’s law facing a critical challenge as the dimension
reduces!
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Need of alternate ?

We need a device that will assist in processing and
transferring huge amounts of data, and also certain
that computer and hence

NANOELECTRONICS!

will be essential in developing Genetic Agel.

Bharathidasan University, Tiruchirappalli




Is Nano new to Indian Community?




QABHLTEEEHG AUMTHIeUTHECeU FRISSHSET g SISHLOMS HTH6L
2 eour(p. 2 uffleflanild Gloeoment &M&eOlemil FHhiGGLD 6TETM)
SMPSGL STl eufls@pd 2 uWl(heHE 2 ullgmest & LU

QUM &&eNT6e0 (G LPHEnG&HEm6eT GILITETLOUWILDTET BHM&HSHL SHNflen s
Q&menI(h eUemIU] el eUfl&Epd QbhHWITaTled L (R HTeor
SITEUT6VITLD.

é,rm&,gsmg, SIS Y LITEUIRISETTS LOL (HLD6V6V [HITL Lq 60T
LTSI (DGHIGSHVIDLITHE|D CISTETeT GeUmISIUIG)
@nHwmailev &meor.

@ Geo1meL GHMeoT QMBS JTFEUTHIHET GH6VLILOTGE HRIGLD LDSEEDHES
SO 58 Q\(IHLDe0L GLTETETTH G Hemreoulley MLIEIT6OTTSHENTS
SBDHHTTHEN. HETHMG SHRISLOMHGLD HEMELVENII ISHSHLDIT6UT
BLUTSEHSHG SleUTSHET SHMHM) Q&rr@gg‘;]@j)g,rrsb QeTm 2 MmIGeT
ol () Genwed GFHMLIgemnu! Fal FEID6IL ML GFWeNmG T LG
GOMHS QNMLEEG FHRIGHSHIL CFUIG QI 60MLD.



FCN&55H0(HHE C&eOl6Ny, (TDL TS0, lqoMd IFLL e
PO ADIELISN QHAWTANDEG UGS SHI QHEW 556N
EMTHMG WD, QHHU IlEhEhTerr (LPeMMSMATLD SMHM HGCH&Hs
BIE (PRI UTUTWSTS Lev SCIss QeusSlLmiGen i(pH
ClFmeLEVISHlTTMEST. GLOQVID &.(p. 327 &G UIMEG iGme
SlGeuGHeromeuiL_fleo QHSHlu! UemL QuIGUINIDG DG &,@m
2iN6ys Flemmaen Genew BHTH (LO(PEUGID LFeIlUIg] 6T6uT6VILD.

&.19. gLpmd KImmIelgM@& NMG AGrawgseailen (p&FH HCI&HS
LOMID 6THUSIL JOULL MG QhHl JEFmLIesn blenel
SIUSSEHLD LIWI6TU(RSHS SHIURIGI6TI]. QUDCH6E0T 6T60TM ML
SEOILITO6ST 2 §HIe Ly &8 FLDaNMS, &&(HG FLaNmE, LIGLD,
SIENOMRIGT, HGTeTT SlNOLMAIST GUIT6TM 6UL GILOMLY J&TUI6uoT
BHIL&ET SiL GLOMAWIEL CIUWITSS] 6T(LPSHULILL &I SHeLGILI(H 60T
¢teor @erveumbiil SMET Qhd HILEHemeT SiFL CLomLHlUTeL
6T(Lp Sl |erTenTy.



SMISLD ClFIleugleL LOL (LD @Lr,g‘,]u_l JEEUTSISATIEN &6LU6TTLD @@ﬁ,ggj
6T60TM)| CIFTELE0I QI (LPIGUITG]. LOEIHTSHEMET HTHGLD Ll
Cpmusemer allfLly gLUSMHGSLD ML Siflenel
Luwleorl(h$Sleor. 2 WNTSTEHGLD LO(HHS) ususug)ang) LUT&I&LD, &Ly,
@by Gumetm 2 GeoMsmIGenaT &6V FUIG6EUTT. LD(HbHSl6or
CLPELLIGILIT(HL &6m6T LI GUl LiL6oTL %Ig)gjm Curg sigenr GeusLd
LB UGBS sTel QhEGWL. GH Gealemer 2 GeuNsmIGenar
SEOJWILD GUThHeMTs L GurL (' (hbHS6L assuas@m Gumg)
SIFesT effllid UevL LRIG SHSSEHMG. PUTCeUS OHHGHISHaMN6L
FMOMLLD, HEhFM GUTETMEmEUSET 6Th&eme| LweTU(RSHSULGEHDCHT
3G 66 2 GeVMSIRISEMENTILLD U&rrenrr@asm IJu_IGDTLJ(E}g)
QGSEDTISHET. QNI SibhS u,osmm 6L SiTeor %uu UG
LD(BHEHISET LV 2 (HUTHSLLUGSME).

QeTemId 62(h 2 6VTEMLOMW QIhS QL GHHL CIFMEIETEL HETMTS
Q&G et hlemenrsHGment. @esrm GHTULW BIT(H&en
JEMUeT Glemmuiled QUOMLSGLD eUATTFEISET SMETTSHSH MG LD
@BSIIT STET CLH6V SHITHEUUILD 6T6OTMTL 3G LOMSLILGH G S
FaDILISTH QHHHTH).



Is Nanotechnology really new?

o “Moses took the [golden] calf and
burned it in the fire; then he
ground it to powder, scattered it

on the water and made the
Israelites drink it.” Exodus 32:20

o Gold nanoparticle can be
suspended 1n water to make a
colloidal gold, used for centuries
as a medical treatment that
reportedly cleared the mind,
increased intelligence and will
power, and balanced the
emotions.

o Is Moses Father of

http://www.allflexinc.com/PDF/IPC_Nanotech-1_GilleoREV1.pdf



Is Nanotechnology really new?

»

i " TEM image of

cementite
nanowires

Nature, vol. 444, p 286

During the middle ages, the
Muslims who fought crusaders
with swords of Damascus steel
had a high-tech edge - carbon
nanotubes and nanowires in their
sabres. Damascus sabres were
forged from Indian steel called
wootz. It 1s likely that the
sophisticated process of forging
and annealing the steel formed
the nanotubes and the nanowires,
and could explain the amazing
mechanical properties of the
swords

http://technology.newscientist.com/article/mg19225780.151-secrets-
out-for-saracen-sabres.html



http://www.newscientisttech.com/channel/tech/nanotechnology/mg19225780.151

Damascus Steel

o T e

Damascus blade showing the Damascene surface pattern
containing a combined Mohammed ladder and rose pattern

http://www.tms.org/pubs/journals/JOM/9809/Verhoeven- 9809.html

Cementijte bands

Dk
i gi

Z v AN

-/ 2 Y


http://upload.wikimedia.org/wikipedia/commons/c/c7/DamaszenerKlinge.JPG
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1. Avarai, Chittamurutti - With this fuels they will heat for disease caused by heat.

Usil, llandai - By heating with this fuels, they cured discapes of eye, nose, ear and feet.
lluppai, Tamarind - For oils for external use.

Vembu (Neem), Pooarasu, Arasu - for diseases of Vadha.

Nuna, Vanni, Mavilangam - for Vadha diseases external and internal.

Nelli (Amla), Vembu (Neem), Vila for Pitha ills.

Usil, Vel, Konrai, Vengai; for Phlegm.

Panai (Palm), Thennai (coconut), Vembu (Neem); for all medicines which contain Rasa.
Vel, Vengai; for medicines which contain iron.

C=foss ST oshy

2. After heating with the obove 9 types of fuel they will filter 9 times.

1. Excrement of Kadai 1

2. " Kowdri 3

3. " Kukkudam 10

4." Varaham 50

5. " Peacock 100

6. " Elephant 1000

7." Manal ( sand ) 90

8. Earth 4 finger measure
9. Garm 800



Which one are actual nano-products?
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This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at
http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



Which one are actual nano-products?
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This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at
http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



Nano-products

Display Screens ' ,
Mo»rf,.og (NTs) Cars - Hummer Nano SilverSeal

GM (Nanocomposites) Refr-iger-afort
Samsung (nanoparticle-coated)

Tennis Rackets
l Wilson (C fibers)

Nano-Products on the Market Now

This slide is adapted from the presentation posted at
www.toxicology.org/isot/rc/allegheny/Savage2006SOTRegional.ppt



Nano-products

Shemen Industries
canola oil by NutraLease, an
Israeli startup, using 30 nm

capsules
i SunClean self-
t —3 !hj ® cleaning windows
42 (Photocatalytic coating)
'O \
R;vm\un EYES
< , k  LAUFEN
Plenitude Revitalift —  Laufen Mylife floor-standing
biclet with Wondergliss
Loreal

(Superhydrophobic coating)

This slide is adapted from the presentation posted at
www.toxicology.org/isot/rc/allegheny/Savage2006SOTRegional

Nano-Care fabric

wrinkle-resistant, stain-repellent
(Eddie Bauer, Lee, Old Navy, Tig

Bass, Nike)

Superhydrophobic nanoscale
coating applied to fabric

Clay
nanocomposite
barrier coating

(42)

r

ppt



Nanodevices - Magnetic Storage

The hard drive in your computer uses a
nanotechnology innovation called giant

16.8 GB

magnetoresistance.
Giant magnetoresistance is an effect
where small magnetic fields can be

detected as a change in resistance.

[ winned LEyar
O spacer

0 fres layer
£ it

This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at
http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



Nanomaterials - UV Protection
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Advanced Powder
Technology Pty Ltd
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This slide is adapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at
http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



Nanomaterials - Catalysis

Gold nanoparticles are used to make

bathrooms smell better 1n Japan.

Gold nanoparticles can

turn

smelly amines into odorless

nitrates when they are

metal oxide surfaces.

put on

This.slide.is.a

dapted from the presentation on “An Introduction to Nanotechnology,” by Terry Bigioni, posted at

http://www.homepages.utoledo.edu/tbigion/BigioniGroup/Outreach_Home.html



What 1s Nanotechnology?

Tiny machines In
your body curing
cancer?

http://smalley.rice.edu/empli A

A285-76.pdf

This slide is adapted from the lecture notes posted at

http://www.physics.unc.edu/~falvo/Phys006D_Fall07/ by Professor Michael Falvo



Injectable Nanobots?

This slide is adapted from the lecture notes posted at
http://www.nanohub.org/courses/nanomaterials by Prof. Mark Hersam



Composites: Definitions and Examples

Mixing two or more chemically dissimilar materials

The goal is to achieve properties that are otherwise
unreachable 1in individual components

Some advantages: High strength/light weight, low cost,
environmentally resistant, electrically and thermally
conductive

Natural Composites:
Wood: mixture of flexible cellulose fibers and stiffer lignin

Bone: mixture of soft collegen (protein) and brittle apatite
(mineral)



Composite Examples

Bontrager's Race XXX Lite Carbon-Fiber Fork
http://pedpow.com/page.cfm?pageIlD=84

Braided and unidirectional

glass and carbon fibers are

used to produce forks with
different stiffness

High Strength

Weight Reduction
Design Flexibility
Cost Performance

Pole Image Courtesy of K.E. Easterling
http://www.tms.org/pubs/journals/JOM/9702/Froes-9702.html

Photo by Matthias Schimmelpfennig
http://www.olympicsports.org.uk/2007_05_01_archive.html/

Lightweight - low density
Buckling resistance - stiffness
Strong - yield strength

Minimal twisting lass fiber web/epo>
Cost

y
74

Ky

Longitudinal carbon fibers/epoxy ‘Glass fiber rin






Applications of I11-Nitrides

LED TRAFFIC SIGNALS

High Reliability

Low Maintenance

Low Operating Cost

Long Operating Life

Statutory Approval in SA

Automatic Night-time Dimming

230 Voit and 10 Volt AC options

Full Aspect, Arrow and Pedestrian units
Compatible with Standard Signal Heads

00000000




Applications of GaN nanostructures
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