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e TW/hat is Nanotechhology?
e How Small is a Nahometer?

e IWhat's New, Cool, and Different
about the NlahoscCale?

o Current ,Applications in
NJahotechnhology

e NJanhotechnology as a Career Choice
e Educatiohal Pathways
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What is Nanhotechnology?

e Based on what You khow about the
micrometer size SCale, and
microtechhology... ==

| 1ntel| Corp.

o [A/rite down in your own Uuords a
definhition OfF hahotechnholosgy...
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What is Nanotechnology?

« Nahotechhology is the creation Of functional materials, devices
and systems through contro| Of matter at the SCale Of 1 t0 100
nanometers, ahd the exploitation Of hove| properties and
phenomena at the Same Scale

o NahOfabricatioh is “machihing at ah atomic scale” used +o
Create materials, devices, ahd systems
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What is Nanotechnology?

e Nahotechhol|ogY is hothing hew.

— MedieVval artists used hahosCale gold salts tO make
Vibraht CO|Ors fOr staihed glass winhdows
o They Khew it worked...but didht Khow why.

Notre Dame Rose indow

Case Western Reserve [Jniversity Cathedral Notre-Dame de Paris, FranCe
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What is Nanotechnology?

e [JSinghano-sCale materials and understanding
them are two different thingst

Mjodern too|s:

e Help us to see ahd
mahnipulate matter at the
haho-scale

o AllOW US tO uhderstand
how the small structures we
are creating work, ahd why.

Coutesy of B, J. Lee Group, In.
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What is Nanotechnology?

Atomic Force Depiction of AFM 1B M spelled out with
(Microscope probe tip enon Atoms oh g
CAFM) Nickel Surface by an
Veeco Model CP-1I AFM based tool

NahoteChhology is mahipulatihg matter at the atomiC sCale!
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How BIG is a Nanhometer?

l1meter = 3.28 feet
= 100 Centimeters (IX102 m = 1 Cm)
= 1000 Millimeters (X103 M = 1 mm)
= 1,000,000 Micrometers ([Microns) (IX206 M =2 ym)
= 1,000,000,000 Nahometers (X107 m = 1 hm)
= 10,000,000,000 Ahgstroms (IX10%° M = 1 A4 )
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ow BIG is a Nahometer?

METER A stude - mi MICROMETER. pproximately  __ um thick

i1 x 107 m} 1 meter = _ 5 0 g

CENTIMETER & pencil is apﬂruﬁima.t'é.ﬁ'ii.f DNA is approximately _nmwide

i1 2 102 my T meter="100 cm 1 meter = 1,000,000,000 nm

MILLIMETER & dime is approximately _mmthick ANGETROM Atoms are approximately P owide

(102 m) 1 meter = 1000 mm e R ] 1 meter= 10,000,000, 000 A
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How BIG is a Nanhometer?

meter
centimeter

(

’

millimeter

micrometer

g

[T — _.l
oy —

hahometer
Ahgstrom

PENNSTATE
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How BIG is a Nanhometer?

e Count your Nlahometers!

A 2 meter (6 £t. 6 in.) tall person is 2 hillioh hahometers tall.

O: Tf hefshe counts 3 him every second, how [ohg will it take
tO count all 2 billioh hm?
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The Poweys Of Ten!

These websites ofFer different visual eXplahations of the powers Of 10
ahd the cohcept Of scale.

Tt helps to Clarify the Sizes Of the structures we cah fabricate.

http:/fwww. powersoften.com/

http:/fwww. wordwizz. com/pwrsof10.htm
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What's hew, Cool, and different
about the NahoscCale

e (VMaterial Properties change

— The materials that we thought we khew all about act
much diffFerently at the hahoscale.

— Ah EXample: Carbobh

Atomic Number: &
Atomic Mass: 12.01
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What's hew, Cool, and different

The gold we kKhouw:

Material properties
don’t Cchahge with Size
- resistivity
- meltihg poinht
- Optical absorption
- etC.

about the Nahoscale?

The gold we are discovering:

Material properties (Such as optical
absorptioh, Showh here) Chanhge with
the Size ofF the gold hahoparticle.
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What's hew, Cool, ahd different
about the NahosCale

« WWe have a whole hew
treasure chest of
material properties to
discover, explore, ahd
usef
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Why is making things small so good?

e [VIOre fuhCtionality
per sq. Ch.
— Naho-eleCtrohiCs

= Shank by 10°
» Improve power efficiency by 10° oIy o VLS ) HE

,1![-

fOcaess
28,0888
oBEE8

1993 200¢%

Cmaller circuits
lead to smaller cell phores.
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Why is making things small so good?

o \e Cah make medicCal devices that are |ess invasive

— Gmaller medical sensors and tools

T

Hollow Micro-scale Hollow Micro-scale
needle by itself needle in an ordinary
(Verimetra, InC.) needle (Verimetra, InC.)

e DONt heed as MUCHh OF expensive Or toXiC substances
— Targeted Drug molecules

Buckyball used for drug

PENNSTATE delivery structure
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Why is making things small so good?

o TBiomimetics

— [van inade systeis Can be nade the same size as Dature’s systems.
— e can mmimic natures structures

- A Large scale exaiple — Veloro
» Inthe early 19¢0's, Swiss inventor (zeorge de [vlestral went on g walk with his dog...
Updua eflljls return home, he noticed that his dogs Coat and his pants were covered with
Co urs.

» (Curiosity led hitn to scudy the burrs under a microscope, where he discovered their
npatural hook-like shape.

= This was to become the basis for VELCRO® brand hook and loop fasteners.

Ccanning Electron Microscope (SEM) (zecko ‘Tape- plastic pillars on substrates.
Image of Velcro Courtesy of Popular Science and National
Courtesy wuwul abotre.Comn Geographic News
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Products Influenced by
Nanhotechnology
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Directions for the ACtivity

Opén the bag
Pass out the reading material to each group member
Read the material ahd study the product

Discuss in your groups ahd prepare a Short presentation gbout
the haho-ehhahced product

5. PBe able to tell the Class:
1. What the product is
2. What is it used for
3. What is “haho” about jt
¢. How does it work
5. How is it different from it’s “nOh-haho” counterpart
6. Abhy other ihformatioh
6. Divide the gbove work amongst Your group members
7.  Deliver your presetitgtioh to the Class
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cConsumer Applications
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Theh ahd Now: The Naho-ITmpacCt

o Discuss how the followihg items have advahced over the years

29,000 transistors

42 000,000 transistors

Pentium 8086
(n )
Circa 1978 i i[nﬂd‘
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Why Should I Consider a
Nanhotechhology Career
Path?
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Why Consider Nahotechnology?

o TWere on the Edge of 3 New TechhologiCal Frohtier
o (Fovernments and Others are 1hvesting

o Educatiohal Opportuhities are being Created

o JoOb Projections are EXcCellent
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Ihvesting in Nahotechnology |
Development

e Ahile private investors are |00Kihg £Or
short term returns, governments are
ihvesting ih researCh that may take
deCades in order t0 maihtainh a
Competitive research edge globally.

e The (JC goverhment has inCreased
funding in NahoteChhology f£rom
roughly 460 millioh dollars ih 2001 tO
over a billionh dollars in 2005.
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Nanhotech Job Projections

e Jt iS estimated that gbout 2 millioh hahotechhol|ogy workers
will be heeded worldwide by 2015.

e ...ah approXimate distributioh of hahotechhology workers
heeded ih Various areas by 2025 would be: 0.8-0.9 illionh ib
the (JS, 0.5-0.6 millioh ih Japah, 0.3-0.¢ million in Europe,
about 0.2 million in the ASia-PacCIfiC region excludinhg Japah
ahd 0.1 millioh ih other regions.

e ...hahotechnology has the potentigl to create 5 million
additional related Jobs overall by 2015 ih the global market.
- GQource: Mihail C Roco, Nature Biotechnhology Vol. 21, No. 10, OCt. 2003
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Where are “things” being made at
the NahosCale?

e Industry
e (Jhiversities
e National facilities
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Ihdustries Related to
Nanhotechnology

;'f .+ EleCctroniCc/Semiconductor Industry
VN @l - Biotechnology and Medical Fields |
« Pharmaceutical Industry

. sCsolutions.com LU TR Lo

+ (OptoeleCtrohics

« MEMS

o Water Purification/Food Ihdustry
Forensics

{Iniversity Research & TeacChing
Many [More!

. naenash.edu.gu
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What might I be doihg at work
in @ Nahotechhology Career?

e Desigh e Patent [Law

e Development , e PubliCc Gervice
» Distribution =@~ ° E:'éiarch

e Fabrication -@ e Teaching

¢ Mahagemeh‘t ® Tes-tlng

e Packaging e Tech Support
...ahd more!

gome Of these jobs might reguire you to WOork ih a c/eanroom.
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What is a Cleahroom?

e A Cleahroom is where scientists and
engineers build structures at the haho
SCale.

e TAJe wear suits to protect the Cleahroom
from the dirt we may Carry ih Oh our
clothes, our bodies, ahd our shoes.

" ) S g oo

e
S e F

-.
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Here’s a Cleanroom suit!

Hood

(zlasses

Face [Vask

Hair het

cuit

ol v
A
> o~
]
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Educational OQpportunities are
being Created

e A KeYy challenge for hahotechnhology
development is the educationh and
training of a hew genheration of skilled
workers in the multidisCiplinary
perspectives hecessary for rapid
progress Of the hew technology.

»  SounZe: Mihail CRoCo, Mature BioweChnology Vol. 21, No. 1o, DCt 2003,
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Go.... How Far could T go in in
Yy Nahotechnolgy Education?

e Technical Programs
o ASSOCiates (2 years*)
e Bachelors (¢ years*)
e (V]asters (6 Years*)

e POCtOrate (8 years*)

*AS g full tie student it should take approXimately this |long to complete degree
requirements after high school.
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Fields of Study
Where can ] enter the Nahotechnhology

Arenaz
. Bio[OZY e Engineering
_ — Aerospace
e BUSInESS — Agricuttural
. Chemlstr)’ — Biotechhology
e Torensic Gcience = Leramic
— Chemical
o PhysiCs — Flectrical
_ _ — Industrial
» GCiehCe EducCation - Nuclear
— Materials
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What Should T do Now to
Prepare for a Nahotechholog
Career

o Devel|op your TechhiCal Fouhdation
— gcience ahd [ or Tech Courses
e Depenhds oh your (703l
o CearCh fOor SChools that Offer Diverse
Opportuhities & Nahotechhol|ogy Curriculum
o WWW.hhin.org
e WWW.Cheu.psu.edu

e WWW.dCtC.edu

e Do Personal Web Research oh Nahotech ahd it’s
AppliCations
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Come Additional Resources

e Educationh ¢ Qutreach

www.hhin.org -
Www.hanho¢me.org
o Current Events in the Naho-Jorld
www.smalltimes.com i ﬂ
e Job Gites | I?-

Www.tinytech)obs.com
WWw.wWorkingin-nahoteChnology.Com
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