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Today’s Desired Outcomes

Participant Understanding of:

1. Whatitis --- some nanotechnology basics.
Size and properties 1. WHAT: Some nanotechnology
2. Why you should care --- some of the impact of basics.
nanotechnology.
Applications, Jobs Today, and Future Predictions

3. Where you can find it --- some nanotechnology
education resources.
The NACK National Network
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National Nanotechnology Initiative

Nanotechnology!
NNI Vision

What is it? What do A future in which the ability to understand and control matter at
. the nanoscale leads to a revolution in technology and

you know about it? industry that benefits society.

Broad term, referring

to the manipulation

of matter at the

atomic level.

Encompasses many

scientific disciplines.

Impacts daily life and

our future greatly.

http:/lwwwtzhealth. com

Nanotechnology is:

How Small is a Nanometer?

the creation of functional materials, devices, and ) . -
systems through control of matter at the scale of Ananometer is one billionth of a meter. (
1to lOQ nanometers, and the exploitation of novel If a nanometer were the size of a marble, a
properties and phenomena at the same scale. meter would be the size of: *

The Sun

The Earth

The moon

. The Grand Canyon’s depth

oo wp




A Nanometer is Very Small —
so teaching scale is important

* Here is a you tube video that we use in our
outreach to drive this point home

Museum of Science, Boston

1993 EE) 2004 Proximitysensor
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How Big ... is a Nanometer?

2.5mm
—

x 1000 x 1000

2.5 pm

x 100,000 x 100,000

100 um

Adapted from: www.nano.gov

Why is making things so small so good?
More functionality per square unit area

First IBM-compatible
Laptop (Circa 1986)
Toshiba T1100

gl 640K RAM, 2 Floppies

.20

Smaller circuits = smaller

faster devices >>>>>>
More value per dollar

$555%

16 GB (23,000 Floppies)
Phone, Camera, GPS
Accelerometer (MEMS)

Light Sensor
5-10 hr Battery
470z


http://www.youtube.com/watch?v=o2aas8P_jgY
http://www.youtube.com/watch?v=ZGkojsiQRPU
http://images.google.com/imgres?imgurl=http://images.usatoday.com/money/_photos/newbill-pop2.jpg&imgrefurl=http://www.xanga.com/home.aspx?user=liltiteaznbaby&h=387&w=460&sz=32&tbnid=LAkKlkMpUOcJ:&tbnh=105&tbnw=124&start=1&prev=/images?q=money&hl=en&lr=&ie=UTF-8

Why smaller is better: the transistor

.

Devices get smaller and more powerful S

because transistors get smaller ﬁ

!

— The transistor is the basic component
of electronics (see right)

— Transistors are made of silicon, metal,
and other selected elements

Currently, ~ 2 Billion transistors per chip

To fit billons on a chip, transistors needed
to shrink to the nanoscale

Chip makers and researchers noticed
interesting phenomenon at this size and
this has led to nanotechnology discoveries
and applications across multiple
disciiplines

Nano: Enabling Technologies

| B M spelled out
with Xenon Atoms
on a Nickel
Surface by an
STM-based tool

Atomic Force Microscope Depiction of AFM
(AFM) probe tip
Veeco Model CP-II
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Nano: Enabling Technologies

* Using nano-scale materials and understanding them
are two different things!

Modern tools:

* Help us to see and manipulate
matter at the nano-scale

e Allow us to understand how (and
why) the small structures work

Zeiss Ultra 60

Scanning Electron Microscope (SEM)

Nanotechnology is:

the creation of functional materials, devices, and
systems through control of matter at the scale of

1 to 100 nanometers, and the exploitation of novel
properties and phenomena at the same scale.




Why is nanotechnology different?

* Because of their size, nano-products have unique
properties not found at the everyday, macro scale

- Ex:

« Large surface to volume ratios = high chemical reactivity

Surface area Total surface area

of one large cube

of 27 small cubes

= 5400 pm?2 =16,200 um2

rO——

The Gold We Know:

» Material properties don’t change with size.
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Why is Nanotechnology Different?

+ Because of their size, nano-products have
unique properties not found at the everyday,
macro scale
- Ex:

« Large surface to volume ratios = high chemical reactivity
« Same scale as light's wavelength = manipulate light
« Same scale as cells = interaction with biological systems

» Unique properties can be tailored by adjusting
the size and shape of nanoscopic components

The Gold We Are Discovering:

+ Material properties (e.g. optical) change with the
size of the gold nanopatrticle.
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Controlling Materials at the Nanoscale
Controls Their Properties

From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres,
40 nm gold nanospheres, 12 nm gold nanospheres, 200 nm silver
nanoplates, 120 nm silver nanoplates, and 60 nm silver nanoplates.

Source: http://nanocomposix.com/kb/general/color-engineering

Controlling Materials at the Nanoscale
Controls Their Properties

From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres,
40 nm gold nanospheres, 12 nm gold nanospheres, 200 nm silver
nanoplates, 120 nm silver nanoplates, and 60 nm silver nanoplates.

Source: http://nanocomposix.com/kb/general/color-engineering
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Controlling Materials at the Nanoscale
Controls Their Properties

Size

From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres,
40 nm gold nanospheres, 12 nm gold nanospheres, 200 nm silver
nanoplates, 120 nm silver nanoplates, and 60 nm silver nanoplates.

Source: http://nanocomposix.com/kb/general/color-engineering

Controlling Materials at the Nanoscale
Controls Their Properties

Shape

From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres,
40 nm gold nanospheres, 12 nm gold nanospheres, 200 nm silver
nanoplates, 120 nm silver nanoplates, and 60 nm silver nanoplates.

Source: http://nanocomposix. \eral/color i ing
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Size Affects Properties:

Gold Melting Point Depression So ...Nano Gold Behaves Differently

To=1337.6K
1300
] Size
& 1100
é Chemistry
5 900f
g Shape
2
g roof
]
3 L
500
300 . . . From left to right: 80 nm silver nanospheres, 20 nm silver nanospheres,
0 5 10 15 B 40 nm gold nanospheres, 12 nm gold nanospheres, 200 nm silver
Diameter of nanocrystals, nm " .
nanoplates, 120 nm silver nanoplates, and 60 nm silver nanoplates.
o i ing-in cs-physical-chemistry.of-aq » Source: http://nanocomposix.com/kb/general/color-engineering

effects.

Nano Gold Behaves Differently......
and not onIy that

new capabilities at the nanoscale ;
» The periodic table is now multidimensional!

2. WHY: Some nanotechnology
impacts - forecasts.

Thts U BPeka B CFEs FRbENoLr

Building College-University
Partnerships for Nanotechnology
Workforce Development

NACK
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Why should | care? The impact of nano on products....
(%)
DY “ - .
== It has been estimated that the worldwide
* Please give me some data on why | should market value of products incorporating
consider teaching more about nanotechnology. nanotechnology will:
—Is nanotechnology a real trend or just a fad? — increase by 100X over the two decades

— Will their be jobs in industry for people who get
training in nanotechnology

A

\ ;iﬂr

The impact of nano on products....

“It has been estimated that the worldwide
market value of products incorporating
nanotechnology will:

— increase by 100X over two decades

— from about $30 billion in 2000 to about $3 gom abou
Trillion in 2020 llion in 26?0 =
— from 0.8% of GDP to 5% of GDP...” rom 0.8% of GNP ta 5% of GDP...”

\' Mihail Roco, May 2011

ﬂ Chemical Engineering Progress
e

Mihail Ry I \/ 2011

Chemngrmg rogress




Some examples of nanotechnology in history

Nanotechnology in the Middle Ages

Arab craftsmen made steel swords of legendary
j strength. Today we know
these swords had carbon
nanotubes and nanowires
in the material. This is the
oldest known use of carbon
nanotubes and nanowires.
These nanostructures may
account for the swords’
ranowirea bamaseus stestswora. Strength.

Copyright April 2012 The Pennsylvania State University

Reibold, M. etal. ‘Carbon Nanotubes in an Ancient
Damascus Sabre.” Nature 444 (2006)
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Example of Roman Nanotechnology:
4th Century Lycurgus Cup

— In reflected light, cup appears
green; in transmitted light, it
appears red

— Cause: 40 ppm Au nanoparticles &
300 ppm Ag nanoparticles
embedded in silica glass

Did they know they were using
nanotechnology?

References: (1) Paul Mulvaney, Not all That's Gold Does Glitter, MRS Bulletin,
December 2001, pg.’s 1009-1013

(2) Barber, D J and Freestone, | C, An investigation of the origin of the
colour of the Lycurgus Cup by analytical transmission electron microscopy,
Archaometry, 32 (1), 33-45, 1990

Copyright 2013 The Pennsylvania State University

- \ T
On a typical day... Anywhere in | v
: ypical day. Y U‘: V] _ y ‘j |

the world....


http://www.matecnetworks.org/nano4me/glossary/glossary.html
http://www.matecnetworks.org/nano4me/glossary/glossary.html
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Catalyzer A Cosmetics
Nanoparticles  Gpg Navigat TiO, Nanoparticle
2 Functional Mat _

Pace Maker
Li-Batter

How about right here?

LED Display
PhotonicMaterials

Diverse Applications
@. Cancer:

Detection/ Textiles

Treatment

Copying Nature
(Biomimetics)

Movie

A Lot more Products !!!

)

{@

The Project on Emerging Nanotechnologies keeps
track of the impact nanotechnology has in the
economy and public and environmental health

d

)

Inventory of over 1,000 consumer products

Funded by Woodrow Wilson International Center

Household for Scholars and The Pew Heritage Trust

Energy
http://www.nanotechproject.org/inventories/con
. Clean Water

sumer,

10


http://www.flickr.com/photos/rubbermaid/7170383630/
http://www.youtube.com/watch?v=OG7dMUE0rII
http://www.nanotechproject.org/inventories/consumer/browse/products/toto_sanagloss_toilets/
http://www.youtube.com/watch?v=7is6r6zXFDc&feature=related
http://www.youtube.com/watch?v=apFyWc-fxO0
http://www.prweb.com/releases/OKOfilteredwaterbottle/01/prweb9100258.htm
http://www.youtube.com/watch?v=1GFst2IQBEM

So..where is nanotechnology used today?

Because nanotechnology’s unique phenomena are based on size it is studied and
implemented in a broad range of scientific fields and industries.

Medical &

: ics Processin '
Electronics ng Biotechnology

Industry

Pharmaceuticals @
3 /K Colloidal

Chemistry Polymer | Gowp Caro
L 2 Science | SN

Materi;& g Y

Scienct

National Nanotechnology Initiative

NNI Budget Information
NNI expenditures* have grown from $464 million in
FY ‘01 to an FY ‘12 request of over $2.1 billion.**

2500

1500

1000 {

smillion

500

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

year

Al b tual spendi t 2011, which
under the continuing resolution, and 2012 , which is requested amount for next year

(FY "09 figure shown here d .
#2012 figure shown here does 10t Include DOD earmarks incuded in previous yrs. (§75 M 10) %
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National Nanotechnology Initi

NNI Vision

A future in which the ability to understand and control matter at
the nanoscale leads to a revolution in technology and
industry that benefits society.

What is the Demand for
Nanotechnology Skilled Workers?

11


http://images.google.com/imgres?imgurl=www.wickhamlabs.co.uk/jpgs/biotechnology-services-1.jpg&imgrefurl=http://www.wickhamlabs.co.uk/index-1.asp&h=209&w=170&sz=10&tbnid=kpBozyPbKlQJ:&tbnh=99&tbnw=81&start=20&prev=/images?q=biotechnology&hl=en&lr=&ie=UTF-8
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National Nanotechnology Initiative

National Nanotechnology Initiative

A New Industrial Sector NNI Strategic Plan:
Organizing the Innovation Pipeline
An NSF study said 6 million
nanotechnology workers will be Goals
needed worldwide by 2020, with « Advance world-class nanotechnology research and development

2 million of those in the US. « Foster the transfer of new technologies into products for

« There are more than 70 nano- commercial and public benefit

specific degree programs in
higher education institutions
across the U.S.

 Develop and sustain educational
resources, a skilled workforce, and
the supporting infrastructure and

» Many of these jobs can be filled by workers with 2-year degrees tools to advance nanotechnology

« Support responsible development of
« There are currently at least 2 dozen Associate’s Degree programs nanotechnology

in the US, with new programs launching every semester %

Industries that Drive Demand

Electronic/Semiconductor
Biotechnology and Medical

Pharmaceutical 3. WHERE: Where you can find it --

Optics/Optoelectronics .

I - MEMS - some nanotechnology education
) Materials Design and Testing

~What's my Food IndustryWater resources.

career in % Purification - The NACK National Network

NANO? Forensics
Sales/Marketing

University Research &
Teaching

Many More!

L -

12



.

INACK

Building College-University
Partnerships for Nanotechnology
Workforce Development

Partnerships for Nanotechnology
Workforce Development

NACK

W E¥ e Rk

The Mission of NACK is to
enable Nanotechnology
Education at:

2/25/2014

Building College-University What is NACK?

NACK’s Approach

“d

Educate for a Wide Spectrum of Industries

Build Partnerships

Broad Foundational Nano Education

Enable CC/TC Delivery in Entire US

T~

e 2-year Community & Technical
Colleges

e 4-year Universities and Colleges
in Partnership with Community
& Technical Colleges

PENNSTATE
=

PCAST Report (April, 2012, page 12)

REFORT TO THE FRESIDENT AND CONGRESS ON THE FOURTH ASSESSMENT
OF THE NATIONAL NANOTECHNOLOGY INITIATIVE

“With the support of
the NSF ATE program,
Penn State has
developed a nation-
wide partnership of
research universities
and community
colleges that is bring
meaningful core-skills

‘Workforce Development
Withthe support of the NSFs Advanced Technalogy

‘acress the Urited States. This partnership, the HSF
Wationl Nanctechology Applicatons and Career
Krcuste dge {NACKI Hetwerk,fosters (1] esource

sharing smeng communiy cclleges andresearch

i WACKhos nanotechnology
- workforce education to
e
way i community colleges
st 1998 Tt .
¢ across the United
e = States......”

s ke, I 2008 this NSF ATEactiv

13



NACK Network
Nanotechnology Education Hub Areas

A working, productive nanotechnology workforce development network involving
research universities and community and technical colleges across the U.S.

I -
Central Arizona Community College
Maricopa Community Colleges NEATEC - ATE Center in NY
Avizona State University University at Albany (SUNY)
MATEC - ATE Center in AZ
Ivy Tech Community College NACK - ATE Center in PA North Seattle Community College
University of Notre Dame PA Community Colleges University of Washington

Penn State University

www.nano4me.org

-
Dakota County Technical College .\anelsny of Puerto Rico,

University of Minnesota. Humacao

Northwest Vista College

University of Texas

What is the PA NMT Partnership

Grads to PA Industry /
Academia

PA Associate & Baccalaureate /
Students “Hands-On” Capstone Semester
@ PSU

Capstone Semester = 18 credit hands-on immersion experience offered at Penn State for all PA partner
schools

2/25/2014

NACK Courses —
“Physical” offering at University Park

This suite of six courses is taught twice/year — as a

service by Penn State — for PA 2-year and 4-year

degree-granting institutions

Credits come from “home” school

Taken to-date at University Park by 774 students from

community colleges, colleges, and universities.

Alcatel-Lucent
Bio-Link Center
Boeing

Corning
Cyoptics
Dupont
General Electric
Imerys

Information & Communications
Technology Center

Johnson & Johnson
Lockheed Martin
3M

Central Facility Model—i.e., facility for a region

s

‘NACIS

Building College-University
Paringesips tor Nanotecnology

4 Workioree Davelopmant

National Advisory Council

National Council for Advanced
Manufacturing

National Coalition for Advanced
Technology Centers

Northrop Grumman

PPG

Plextronics

Semiconductor Research
Corporation

Strategic Polymers

Stryker

Tyco

University of Minnesota

As of May 2013

14
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Number of Degres Programs

Diversity & Growth of Disciplines of
PA Degree Programs in Nanotechnology

8

&

8

oTechnoiogy Mamt

mhatnematcs

DBiclogy

mChemistry

OPhysics

2013

DMNaneScience | Applied Science

BManufacturing / Indusirial
Technology

BElectonics / Englneering

Summary of Skill Sets Taught in the 6 Nanotechnology Courses

20
10
0
2001 2008
* Basics of Chemical and Meteril Properes—Role ¢ m Scale
= Chemical and Materials Handiing, Storage, and Disposal
= Nanotechnology Health, Safety, and Envlmnmenlal issues

Nanotechnology Equipment and Processing Foundation Skills
= Chemical Hoods and G\nve Boxes Use and Maintenance
= Cleanrooms: Use and M:
= Pumps, Flow Control Syslems‘ Scruhhers Sensors: Use
and Maintenance
= Vacuum Systems: Use and Maintenance
= Plasma Generating Systems: Use and Maintenance
Furnaces, Ovens, and Rapid Thermal Annealing Equipment: Use
‘and Maintenance
Chemical Facilties and Maintenance
Contamination Ccnlml
Process Integratio
Inttodugion tb Statstical Process Contol

Nanotechnology Patterning
= Optical, e-beam, and lon Beam Lithography

= Stamping and Imprinting Lithography

= Chemical techniques; e.g., Block co-polymer and SAMs

Nanmechnnlagy Fabrication
wn Fabrication
. Reacnve lon, Sputter, and Wet Etching
= Chemical Vapor and Physical Vapor Deposition Systems
= lon Beam, Plasma, and Chemical Materials Modification
= Nanoparticles: Etching and Grinding Approaches
= Bottom-up Fabrication
Chemica, Physial and Bioogiel St Assembly
icls: Colocal Chemisty
ma Approaches
Nanoparticles: Chemen Vapor Deposition Approaches

Nanotechnology Characterization

Optical Microscopy

Scanning Probe Microscopy
= Atomic Force Microscopy

Electron Microscoy
= Scanning Electron Microscopy (SEM and FE-SEM)
* Transmission Elecron Microscopy (TEM and FE-

Chemical Characterization

= Xray (EDS)

= Secondary lon Mass Spectroscopy

= Auger Electron Spectroscopy

= Fourier Transform Infrared Spectroscopy
Electrical Characterization

= Curent-Voltage Measurements

ts

= Xray Diffaction

Professional
Team Building
Prublem swng

Project Org:
Research Skills
Assessing Cost of Ownership
Presentation Skills
Technical Reporting and Documentation
Handling and Generating Intellectual Property

tion and Planning

2/25/2014

What approach is taken?

A General Approach to Nanotechnology/Nanofabrication with the
Objectives of:

1) Providing a solid, broad information base that an individual
can build upon; and

2) Creating a versatile nanotechnology workforce that can move
from industry to industry with the ebb and flow of
international market forces

Institutions That Have Hired Capstone Semester Graduates for

11V Corporation
Accelent
Adhesives Research, Inc

Bilect
B
ton Applied Technologies
50 oecon ekimon)
B Solar

Bridge Semiconductor
usch Vacuum

Cabot

CabotMicrolectronics
Carbon NanoProbes.

Celgene-LifebankUsh

Chemeut

Correge sensors

Cosmos Teehnologies

Crystalpex

Eastman ChemicalCompany
EastPenn Manufacturing
Exone

Fairchid Semiconductor

Micro- and Nanotechnology Jobs

First Energy
5.gliote
‘GeneralDynamics obotic System

Globalfoundries

s

Haraeus Noblelght

Hale Products

Hershey Medica Center

luminex

Infinera

Inovatie Micro Technalogy

IntelCorporation

iNoEX

o

Johnson & ohnson

Johnson Matthey.

Judson Technologies
Communications

Membrane Assays
Merck
Mintera Corporation

P2
Penn State CNEU

Penn State Dubois
pemstate AppledReserch Lt
Optics enter

s Enre
Phiips MedicalSystems
pironics

tech
Rohmand Has
foss Technologies

Schroederindustries

ity
Sﬂenmm Technologies
Sravege rohmer
Srucure robesine.

Uniersiy oforth Carolna-Charltie
Universiyof Pitsbur
Vecron nermations)
Velox Semiconductor
WesterDighal
Westfala Technologies 7213
Westmoreland Mech. Testing & Research
b 110041
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Job Titles for Nanotechnology Graduates
Nano in the Title ... Maybe Not??

Biological Laboratory Tech.

Biofuels Tech.

Chemical Laboratory Tech.

Cleanroom Tech.
Deposition Tech.
Device Tech.

Equipment Maintenance
Tech.

Engineering Tech.
Etch Tech.
Failure Analysis Tech.

What does industry say about NMT Grads?

Laboratory Tech.
Lithography Tech.

Materials Science Lab
Tech.

Medical Devices Tech.
Microfabrication Tech.
Nanobiotech Researcher

Nanoelectronics Expert

Nanofabrication Tech.
Nanotechnologist

Process Tech.

* Cyoptics, Inc. (Breiningsville, PA):

Production Scientist
Quality Control Tech.

Research Assistant

SEM Operator
SPM Operator
Scientist Specialist

Solid State Tech.

Test Tech.
Thin Films Tech.

Vacuum Tech.

Source - NACK Alumni Comitiee

— ... relies heavily on PA NMT graduates to staff
manufacturing operations.

— “combination of nano-scale theoretical as well as

hands-on training have in their educational

toolbox enable them to “hit the ground running”,

significantly reduce in house training time and

enable them to be valuable long term contributors

to bottom line company profitability.”

2/25/2014

Survey of PA NMT Capstone Graduates

(Completed March, 2011)

Some Survey Findings:

When they completed the nanotechnology 6 course suite, 59% were enrolled in a
2-year associate’s degree program and 41% in a baccalaureate program.

95% said it was a valuable education experience and 90% said it influenced their
educational pathway

At the time of the survey, 69% are employed in a nano field & 65% said the
capstone influenced their career pathway

95% are currently either working or in a degree program full-time

What does industry say?
Plextronics Testimonial

Nanotechnology
Workforce

Plextronics Inc.

Bob Kumpf
Chief Operating Office

Robert J. Kumpf, Ph.D.

16


http://youtu.be/d5aQmWmv8tA
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The Portal to Today’s Desired Outcomes

NACK

Resources Participant Understanding of:
1. Whatitis--- some nanotechnology basics.
A/anque Org +  Size and properties
student 2. Why you should care --- some of the impact of
_Students

nanotechnology.

For -~ Alumni +  Applications, Jobs Today, and Future Predictions

Educators

Industry

3. Where you can find it --- some nanotechnology
education resources.
*  The NACK National Network

Building College-University
Partnerships for Nanotechnology
Workforce Development

ing College-University
artnerships for Nanotechnology
APWRX | Workforce Development

N

%fz} NACK Center Contacts
¥

Stephen J. Fonash, Ph. D Terry Kuzma Zac Gray

Director NMT Instructor Laboratory Coordinator

112 Lubert Building 114 Lubert Building 114 Lubert Building

814-865-4931 814-863-5484 814-865-0319

sfonash@psu.edu xk107@psu.edu 2rg102@psu.edu

Osama Awadelkarim, Ph. D Wook Jun Nam, Ph. D. Lisa Daub

Associate Director Research Associate Administrative Support

407D EES Building 111 MRI Building Coordinator

814-863-1773 814-865-9081 112 Lubert Building

ooaesm@engr.psu.edu wxn105@psu.edu 814-865-9635
Idaub@engr.psu.edu

Robert Ehrmann Daniel Cavanaugh

Managing Director, NACK Network Outreach / Research Assistant Susan Barger

112 Lubert Building 114 Lubert Building Administrative Support Assistant

814-865-7558 814-867-2948 112 Lubert Building

rke2@psu.edu dwc174@psu.edu 814-863-2955

sharger@engr.psu.edu

uilding College-University
N artnerships for Nanotechnology Bringing Nanotechnology to Education & Industry!
£33 | worktorce Development

www.nanodme.org
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