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Webinar Procedures
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WWW.NANO4ME.ORG

Robert Ehrmann & Amy Brunner

Center for Nanotechnology Education
and Utilization
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Who are we?

Bob Ehrmann
Email: rehnrmann@engr.psu.edu

Amy Brunner
Email: abrunner@engr.psu.edu
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Why are we here?

Provide you with an
Introduction to Nanotechnology

Topics for discussion
e Principals

* Applications

e Fabrication
 Careers

NETWORKS s




What is Nanotechnology?

Nanotechnology is manipulating matter at the atomic

and molecular scale.

Nanotechnology Is “seeing” matter at the atomic and

molecular scale.

Nanotechnology is exploitation of the unique

capabillities/properties of structures fabricated at the

atomic and molecular scale.
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“Micro” to “Nano”
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Benefits of Nanotechnolggy

lightweight

/\
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How Small 1Is Nano?

“Nano” is a prefix meaning 1x10-° or 1 billionth
The nanoscale is between 0-1000 nanometers.

TR

There are ? nanometers in a meter?
There are ? nanometers in a centimeter?
There are ? nanometers in a millimeter?
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Nanomaterials

Nanomaterials can be defined as particles having
one or more dimensions less than 100 nm, that cause
their properties to be different from that of the bulk

material
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~1 nm

Nanomaterials

and multi walled nanotubes
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Applications

e Check it out!
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Applications

We've selected three areas to discuss In
more detall:

1. Materials
2. Medical

3. Food
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Applications: Materials

- body panels

engine beauty cover L
, and exterior trim

Instrument panel

froht end module bolster

interior trim —
@ Research and
Advanced Engineering

¥ ‘
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Applications: Materials

Self cleaning windows

Longer lasting siding

Stain resistant textiles

Antibacterial appliances

Efficient lighting

Improved insulation

Solar cell roofing

Sensors Iin walls
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Applications: Materials
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Applications: Medical

-
()

NETWORKS

i 1 .'-— ",
N W .
g A -



http://www.itg.uiuc.edu/technology/atlas/structures/actin/actin_02.htm

Applications: Medical
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http://www.sciencemag.org/

Applications: Medical

When given ABRAXANE,
the number of women
who had tumors that
reduced in size was
nearly double that of
those given Taxol

Injection
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Applications: Medical
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Applications

- Medical
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Applications: Medical

Nanoshells

Nanoshells

Cancer
cells

__ Healthy
cells

Credit: cancer cells

“Nanoshells as Cancer Therapy”
National Cancer Institute

Intact
healthy cells
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Applications: Food

Nanotechnology is making advancements to:

Im
m
m
Im
m

prove shelf life

prove taste

prove texture

oroved filtration capability

orove nutrient delivery

Sense when food degrades/spoils
Improve pesticide delivery and use
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Applications: Food




Applications: Food

 Nutraceutical

Hydrophilic head
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Applications: Food
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http://inmat.com/tech-packaging.shtml

Applications: Food

Sensors
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Fabrication

There are three different approaches to
Nanofabrication

e Top-down nanofabrication
« Bottom-up nanofabrication

* Hybrid nanofabrication
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Fabrication

Top Down:

The Making of a Microchip from MATEC
http://www.matec.org/animations/matec/MO02FLO1.swf

Visit www.matec.org/animations for more animations.
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Fabrication

Bottom Up:

O

O O
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Fabrication
Bottom Up:
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Fabrication
Bottom Up:




Fabrication
Bottom Up:
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Fabrication
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Bottom Up:

Si-source gas flow

n— >
Au catalyst

~

Substrate

Substrate

Fabrication

Substrate

catalyst
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Substrate
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Hybrid Approach:

Sacrificial/catalyst nanowires

" Glass substrate

(a)

Capping Layer

- Glass substrate

(c)

%(annels with catalyst

in the middle
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" Glass substrate
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Capping Layer




Worldwide Investment

14
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B Billions of Dollars
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Product Trends

"+ Over 800 Consumer Products on the
market

— Nanotechproject.org

e $147 Billion in product in 2007

— Lux Capital - 2008

= lj_ » 2015:
' i - $3.1 Trillion in Products
_L_ - 15% of global market.

- Lux Capital - 2008
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Estimated 2007 Product Impact

e Materials & Manufacturing  $97 Bi
e Electronics $35 Bi
e Healthcare $15 Bi

Source: Lux Capital 2008
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Market Impact

1200

1000 ~ /
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Asia/Pacific| |

2007 2015

Worldwide Nano Impact Forecast

- Lux Capital 2008
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Where are the Consumer

Products’?

Appliances

Batteries

Heating, Cooling and Air

Large Kitchen Appliances

Laundry & Clothing Care

Automotive

Exterior

Maintenance & Accessaries

Watercraft

Cross Cutting

Coatings

Electronics and Computers

Audio = E

Cameras and Film J 1]
-
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Computer Hardware
Display

Mobile Devices and
Communications

Television

Video

Food and Beverage

Cooking

Food

Storage

Supplements

Goods for Children

BaS|cs

Toys and Games
Source: nanotechproject.org




How about Medical Applications ?

* Appetite Control
 Bone Replacement
« Cancer

e Chemical Substitute
e Cholesterol

e Diagnostic Tests

e Drug Development
« Hormone Therapy
e Imaging
 Immunosuppressant
e Medical Tools
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Careers in Nanotechnology

"
What fields are impacted?
« Electronics « Engineering
e Optics/Photonics e Medical Advancements
 Energy e Biomimetics
o Chemistry e Sensors
« Materials * Metrology
« Environmental Impact * Forensics
« Manufacturing o Water Purification
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Nanotechnology Labor Demand

By 2015:

— 2 million nanotechnology workers needed
worldwide

— Mihail C Roco, Nature Biotechnology Vol. 21, No. 10, Oct. 2003

— Potentially 5 million additional “infrastructure”
jobs to support by 2015 in the global market.

— Mihail C Roco, Nature Biotechnology Vol. 21, No. 10, Oct. 2003
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Nanotechnology Education

A key challenge for nanotechnology development is
the education and training of a new generation of
skilled workers In the multidisciplinary perspectives
necessary for rapid progress of the new technology

Mihail C Roco, Senior Advisor for Nanotechnology
at the National Science Foundation
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Nanotechnology Education

Few states have seriously addressed the
Issue of workforce development

Jack Uldrich, Smalltimes Magazine, April 22, 2005
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Nano Education in PA

Hands on Training — since 1998

A J Ve
National P g‘i;/ y
Model : i

» 2-year associate degree
» 4-year baccalaureate degree

» Certificate program
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Home What is Nanotechnology? What are the Products? Where are the Jobs?

Take Matter 4 7% '}J
Into Your y

Own Hands
Choose a field that's changing the way

N an O we live and learn on our planet.
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Education Resources
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WWW.NANO4AME.ORG
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Education Resources

NACK Goals

Support nanotechnology program
development

Emphasize hands-on nano education and full
range of applications

Offer professional development programs

NAC R

CENTER

t h |gyApp|lCﬂIlOnS
r Knowledge

WWW.NANO4ME.ORG
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Education Resources
NACK Goals (continued)

* Incumbent worker program development and
delivery

e Pathways creation

e Coordinate micro-nanotechnology workforce
development programs =

N,_. \CK

h IgyAppIncations
r Knowledge

WWW.NANO4ME.ORG
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Education Resources

WWW.NAMO4AME.ORG

Set of 6 Student
Educators
Nanotechnology Recruitment Workshops
Courses
Remote Nanotech Industry
Access Academies Outreach
Tools
2+2 and g+2+2 Secondgry School T
Education Curriculum Worker Traini
Pathways Enhancement orker Training

Nano4me.org Teaching Alumni
Web site Cleanroom Services




Train the Trainer Workshop

Utilizing NACK Class Notes/Lab Resources
for the Teaching of the Introductory
Course Set

April 6-10, 2009

CENTER

@ Penn State

WWW.NANO4ME.ORG

nano4me.org
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Some Coming Attractions N,__ \CK

ENTER

h IgyAppIncations
r Knowledge

WWW.NANO4ME.ORG

Upcoming events that may be of interest include:

m..waw-m =5

« NETWORKS Webinar
“Ways of Introducing Nanotechnology Into Your Program”
Dr. Stephen Fonash — March 6t"

« Nano Day @ Penn State — Saturday April 4t

e Train the Trainer Workshop — April 6" to April 10t

e Educator's Workshop — May 19" to May 21st
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Find More Resources on
Nanotechnology

e WWW.Mmatecnetworks.org
_Hnanon
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Thank you for attending

MATEC NetWorks Webinar

Classroom Ready Resources in the Digital Library
TechSpectives Blog

Webinars

All this and more at matecnetworks.org
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Webinar Recordings

To access this recording, visit matecnetworks.org,
In the keyword search, type:
webinar nano.
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NetWorks Next Webinars

March 6: Ways of Introducing Nanotechnology
Into Your Program

February 13: Recruiting the Displaced
Worker

February 27: Building the Enrollment Pipeline

Visit and
click webinar for a full calendar
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Join Us in Scottsdale, AZ on July 19-22, 2009

http://www.highimpact-tec.org/
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Certificate of Participation

If you would like a certificate of participation for
1.5 hours, please emalil
darlene.cieplinski@domail.maricopa.edu
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Help us become better

Please complete this quick 1 minute survey to
help us become better and to let us know what
webinars you would like to see in the future.

http://www.questionpro.com/akira/TakeSurvey?id=1138428
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Thank you for attending

MATEC NetWorks Webinar

Classroom Ready Resources in the Digital Library
TechSpectives Blog

Webinars

All this and more at matecnetworks.org
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