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www.ncsu.edu/nano Outline

• Definition 
• History Future
• Illustrations:   

– Single Crystal Silicon
Diamond Carbon Nanotubes Graphene– Diamond, Carbon Nanotubes, Graphene

• Nano at NC State – New understanding to improve:
– Environment Engineering
– Safety and Security
– Health and Bio-systems
– Electronic Nanomaterials

Engineering
Physical and Math Science
Agriculture and Life Sciences
Textiles– Electronic Nanomaterials 

– Renewable Energy  

• New Directions…. 

Veterinary Medicine
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NC STATE UNIVERSITYNC STATE UNIVERSITY
www.ncsu.edu/nano Definition

Nanotechnology:Nanotechnology: 

• The application of quantum theory and other 
l h t f d t llnanoscale phenomena to fundamentally 

control the properties and behavior of matter.
Very small pieces of a material look and act• Very small pieces of a material look and act 
differently than large pieces of the same 
material Nanotechnology works to utilize thematerial.  Nanotechnology works to utilize the 
unique properties of very small systems.  

• Nanotechnology will “benefit every industrialNanotechnology will benefit every industrial 
sector and health care field, … and help the 
environment through more efficient use of 
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resources and better pollution control”*

* Mihail Roco, Scientific American, August (2006) p 39
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www.ncsu.edu/nano History of Nanotechnology

“Th i i l f h i f I d

“There is plenty of room at the bottom”
1959, Richard Feynman, Nobel Laureate, Caltech 
“The principles of physics, as far as I can see, do not 
speak against the possibility of maneuvering things atom 
by atom……

Macro scale

Courtesy of the Archives, Caltech

Micro scale “Nano” scale .....Macro-scale

10 nm 1 nm 1 Å100 nm1 μm10 μm100 μm1 mm

Micro-scale Nano  scale .....

atomvirus computer 
transistor 

(2009)

computer 
transistor 

(1970)

human 
hair

carbon 

human 
cells molecules
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(2009)(1970)
nanotube

“Top down” “Bottom up”
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www.ncsu.edu/nano Future Nanotechnology

1. What technologies are around today that were 

Three Questions (one easy, two harder):

not widely available 10 – 15 years ago? 

2. What technologies will we have in 10 – 15 g
years that we don’t have now? 

3. What new knowledge is needed to realize 
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g
these advances? 
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www.ncsu.edu/nano Silicon Electronics Technology

20 cm across x 107 nm per cm x 4 atoms per nanometer

= 800,000,000 atoms lined up across surface
Area = π r2 = 3.14 x (4x108)2

20 cm
( )

= 5.0 x 1017 atoms on surface 

Volume = Area x thickness = 
= (5.0 x 1017) x 1 mm x 106 nm per mm x 4 atoms per nm 

2 1024= 2 x 1024

= 2,000,000,000,000,000,000,000,000 atoms in wafer 
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www.ncsu.edu/nano Silicon Electronics Technology

“Top down”
Bulk semiconductor crystal
Field oxidation
Area definition
Hi k hi fil d i i

Gate metal patterning
Gate dielectric etch
Source/drain implant

Top down

Hi-k thin film deposition
Gate metal deposition

Contact metal deposition/patterning

50 nm50 nm

IBM
Transistor

8



NC STATE UNIVERSITYNC STATE UNIVERSITY
www.ncsu.edu/nano Silicon Electronics Technology

Intel InSb TransistorIBM

Gate

Source/Drain

LC

Intel Itanium Chip
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Intel Itanium Chip 
2 Billion Transistors
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www.ncsu.edu/nano Diamond Carbon Nanotubes

11Shane DiDona, NC State
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www.ncsu.edu/nano Carbon Nanotubes and CNT Transistors 

SPIE, March 2008
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Nature, May 1998 
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Droplet microreactor and 
microbioassay chips

E-field assemblies from 
gold nanoparticles and 
live cells

Nanocoatings
“Microrobot” electronic particles
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NC State NC State 
Nanotech InitiativeNanotech Initiative

NC State NC State 
Nanotech InitiativeNanotech Initiative

NC State NC State 
Nanotech InitiativeNanotech InitiativeNanotech InitiativeNanotech InitiativeNanotech InitiativeNanotech InitiativeNanotech InitiativeNanotech Initiative

ProblemProblem
Industry Industry 

InteractionInteraction

Education Education 
and and 

OutreachOutreach

ProblemProblem--
Driven Driven 

ResearchResearch
OutreachOutreach

Mission: To address fundamental understanding of 
nanomaterials and nanoscale processing to solve 
problems and produce products of value to the 

14

problems and produce products of value to the 
people of North Carolina.
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www.ncsu.edu/nano NC State Nano-Initiative 

Cross Discipline Problem SolvingCross Discipline Problem Solving

Information and  Information and  
NanoNano--electronicselectronics

NanoNano--EnergyEnergy
CleanClean

EnvironmentEnvironment
EngineeringEngineering

Physical and Math SciencesPhysical and Math Sciences
Ag and Life SciencesAg and Life Sciences

T ilT ilTextilesTextiles
Veterinary MedicineVeterinary Medicine

Social and Educational Sciences Social and Educational Sciences 

Health and BioHealth and Bio--
NanotechnologyNanotechnology

Safety andSafety and
SecuritySecurity
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www.ncsu.edu/nano Nano for Environment

• Nanofiber Filtration: Clean 
Water and Air
– Nanofibers for air, water 

filtration devices
– Reduce energy consumption

500nm

20 nm
– Reduce energy consumption
– “Smart Filters” – Integrated 

sensor devices

2 um

– Electrospinning: 100 nm
– Multicomponent Spunbond: 

200

Ind

200 nm
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www.ncsu.edu/nano Nano for Safety – Fibers and Textiles

• Protection
– First Responders

Fire Chemical Partic lates– Fire, Chemical, Particulates, 
etc.

• Purification
Hazardous vapor remediation– Hazardous vapor remediation

– Nanoparticle capture
• Signal/Response

– Chem/Bio sensors
– Responsive systems
– Agent delivery/release

Bi di l S t• Biomedical Systems
– Pathogen capture, destruction
– Separations in pharmaceutical 

manufacturing
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manufacturing
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www.ncsu.edu/nano Health and Nano-Biotechnology

17 nm17 nm

Red clover necrotic 
mosaic virus has an 
ordered inner core
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ordered inner core 
comprised of an 
RNA/protein complex

CALS, PAMSCALS, PAMS
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www.ncsu.edu/nano Nano-Biotech, Fibers and Textiles

Hybrid  
Fibers

Carbon Nanotube-based 
Body Implants

Poly-lactic acid polymer 
hybridized with multi-wall 100100

FibersBody Implants

hybridized with multi wall 
carbon nanotubes enhances 
strength and performance for 
tissue engineering scaffolds

100 nm100 nm

Mats

C ll thCell growth

Cross Discipline:
Russ Gorga, Textiles
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g
Laura Clarke, Physics
Elizabeth Loboa, Biomedical Engineering 
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www.ncsu.edu/nano Blood Filtration Technology

Human Immuno-
globulin G (hIgG)

• Nano-engineered filter 
Ideas for treating the 
human form of mad 
cow disease beging

device to capture 
antibodies or infectious 
proteins (such as prions)

cow disease begin 
to emerge

Pathogen Removal and
D t ti T h l i I (PRDT)

21

R. Carbonell (NCSU)Detection Technologies, Inc. (PRDT)
MacoPharma P-CaptTM

R. Carbonell, B. Pourdeyhimi, NC State
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www.ncsu.edu/nano Surface Nano-Engineering 

Atomic Layer Deposition @ NC STATEAtomic Layer Deposition @ NC STATE

Trimethyl Aluminum 
(TMA)(TMA)

OH Surface

22
Sequential self-limiting reactions produce highly 

conformal coatings on 3D fiber networks
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Nano-Textiles: 
Nanofiber Surface Modification

@ NC STATE@ NC STATE

Industry
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www.ncsu.edu/nano Electronic Nanomaterials

Atomic Stacking Yields 
PotentialPotential
NCSU researchers have achieved 
epitaxiallly integrated ferroelectric 
oxides on GaN, for  applications  
including tunable polarity doping
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www.ncsu.edu/nano Electronic Nanomaterials

@ NC STATE
• New semiconducting materials 

– Faster computation
ElectrodeElectrode 11

@ NC STATE
“Bottom Up”

– Polymer and organic 
semiconductors 

• Flexible displays;

ElectrodeElectrode--11

• Smaller size 
• Molecular electronics

• New metals insulating
S S

OC6H13

C6H13O

S S

OC6H13

C6H13O• New metals, insulating 
materials
– “High-k, metal gate” technology

1.5

2.0

2.5
 

ElectrodeElectrode--22
19.8 Å19.8 Å

– Faster switching  

• Quantum Computing
– Whole new ways of information -1.5

-1.0

-0.5

0.0

0.5

1.0
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Whole new ways of information 
management

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
-2.5

-2.0

Voltage (V)

Gorman, CH
Parsons ChE
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www.ncsu.edu/nano Renewable Energy Nanotechnology

@ NC STATE
• The Future Renewable Electric Energy 

Delivery and Management (FREEDM) 

@ NC STATE

Delivery and Management (FREEDM) 
Systems Center 
– New grid compatible with renewable energy

• Nanostructures for Photovoltaics
– Sunlight Electricity
– Follows natural photosynthesis

• NC State Nano-Energy Lab (2008)
– Funding through US Department of Energy
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Potential for low cost flexible simple fabrication

Gel Photovoltaics

ITO coated PlasticCNT or 

Potential for low cost, flexible, simple fabrication, 
robust and with low environmental footprint

Ru
5uL

DAS
5uL

PET
Plastic 
slide

Cu
Graphite

27
Vision
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www.ncsu.edu/nano Social Nano-Science and Education
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www.ncsu.edu/nano Future Nanotechnology

1. What technologies are around today that were 

Three Questions (one easy, two harder):

not widely available 10 – 15 years ago? 

2. What technologies will we have in 10 – 15 g
years that we don’t have now? 

3. What new knowledge is needed to realize 
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g
these advances? 
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• Thank you for your interest… 

• More information 
www ncsu edu/nano– www.ncsu.edu/nano

• NC State NanoDays: April 24 2009NC State NanoDays: April 24, 2009

• Download these slides at:• Download these slides at:
– www.ncsu.edu/nano/news 
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www.ncsu.edu/nano New technologies in next 10-15 years

• Satellite phones • Regenerative human organs
• HDTV, Net TV
• Credit card phone
• “Batman” fabric wings

• Spooky interaction for 
communication

• Cure for cancer

• Solar cars
• Super-strong “Spider-man” 

rope

• Catalysts for recycling
• Holographic display
• Transgenic cropsope

• “Harry Potter” invisibility 
cloak

• New biomaterial fabrics and

a sge c c ops
• Gene sequencing for plants 

and animals
• Fusion reactorNew biomaterial fabrics and 

paper
• Prosthetics that are the 

same as natural

Fusion reactor
• Cure for baldness
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same as natural  


