From: http://www.ipt.arc.nasa.gov/nanotechnology.html

Nanotechnology is the creation of functional materials, devices and systems through control of matter on the nanometer length scale (1-100 nanometers), and exploitation of novel phenomena and properties (physical, chemical, biological, mechanical, electrical...) at that length scale. For comparison, 10 nanometers is 1000 times smaller than the diameter of a human hair. A scientific and technical revolution has just begun based upon the ability to systematically organize and manipulate matter at nanoscale. Payoff is anticipated within the next 10-15 years.
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A novel data storage system capable of 1015 bytes/cm2 is being explored.
In this system, H atoms would be designated as 0 and F atoms as 1.
A tip that can distinguish between 0 and 1 rapidly and unambiguously
is being investigated.
From: http://www.ipt.arc.nasa.gov/Graphics/6
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Accidental nanotechnology: since 1000s yr (carbon black)
Isolated applications (catalysts, composites, others) since 1990

- First Generation: passive nanostructures
in coatings, nanoparticles, bulk materials (nanostructured metals,
polymers, ceramics):

- Second Generation: active nanostructures
such as transistors, amplifiers, actuators, adaptive structures:
~ 2005 -

= Third Generation: 3D nanos¥stems
with het;rgg%neous nanocomponents and various assembling techniques

- Fourth Generation: molecular nanosystems )
with heterogeneous molecules, based on biomimetics and new design
~ 2020 (?) -

M.C. Roco, NSF. 110
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picture from: http://www.nano.gov/nni11600/sld006.htm

text from: http://www.cnsi.ucla.edu/faculty/montemagno_c.html

Research Interests:
My current and near term investigations focus upon the development of numeric and experimental techniques to explore:
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1. methods of integrating single molecule biological motors with nanoscale silicon devices; 

2. the influence of interfaces in multiphase fluid flow through and within biological materials; 

3. the role of fluid-fluid and biological interfaces in the transport of nutrients and chemicals between the physical and biological domains; 

4. fracture/pore geometry and its contribution to the transport of fluids and microorganisms in porous media; 5) the role of the cytoskeleton in processing intracellular information; and 

5. pathogen detection. 

Possible Uses
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From: http://www.nano.gov/nni11600/sld008.htm
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© Glant magnetoresistance in magnetic storage
applications.

@ Nanostructured catalysts
© Drug delivery systems

‘@ Nanocomposites: nanoparticle reinforced polymers.
@ Two examples of nanoelectronic devices

@ LED lightning breakthroughs from nanotechnology
© National security: Bio detection

‘© Water purification and desalinization
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[image: image7.emf]• Automotive electronics to grow to $30 Billion by 2005

• Pressure to keep cost of devices low is enormous

• Sensors in use now include monitoring wheel speed, pedal positions, oxygen sensors to check 

exhaust, accelerometers to detect sudden stops, pressure and temperature sensors

• Future systems

- Collision avoidance

- Break-by-wire, steer-by-wire systems (slowing the car and guiding electrically instead 

of manually)

- Sensor systems when new fuel sources become common

• Challenges

- High temperature survival of sensors

- Withstanding mechanical shock, hostile environment

- Conditions: sever swing in T; variable humidity; road salt; noxious gases;

f ~ 10 g; ~ 10 year life-time

• MEMS made it in the airbag.  But the car interior is a benign environment.  Will MEMS work

elsewhere in the car?


Mems= Micro-Electronic Mechanical Systems

[image: image8.emf]• Expanding ability to characterize genetic makeup will

revolutionize the specificity of diagnostics and 

therapeutics

- Nanodevices can make gene sequencing more 

efficient

• Effective and less expensive health care using remote 

and in-vivo devices

• New formulations and routes for drug 

delivery, optimal drug usage

• More durable, rejection-resistant artificial 

tissues and organs

• Sensors for early detection and prevention

Nanotube-based

biosensor for

cancer diagnostics



[image: image9.emf]• Nanotechnology has the potential to impact energy efficiency, storage and 

production

• Materials of construction sensing changing conditions and in response 

altering their inner structure

• Monitoring and remediation of environmental problems; curbing emissions; 

development of environmental friendly processing technologies

• Some recent examples:

- Crystalline materials as catalyst support, $300 b/year

- Ordered mesoporous material by Mobil oil to remove ultrafine 

contaminants

- Nano-particle reinforced polymers to replace metals in automobiles to

reduce gasoline consumption



[image: image10.emf]Some critical defense applications of nanotechnology include

• Continued information dominance: collection, transmission,

and protection

• High performance, high strength, light weight 

military platforms while reducing failure rates and 

life cycle costs

• Chemical/biological/nuclear sensors; homeland protection

• Nano and micromechanical devices for control of 

nuclear and other defense systems

• Virtual reality systems based on nanoelectronics for 

effective training

• Increased use of automation and robotics
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[image: image11.emf]• Advanced miniaturization, a key thrust area to enable new science and 

exploration missions

- Ultrasmall sensors, power sources, communication, navigation,

and propulsion systems with very low mass, volume and power

consumption are needed

• Revolutions in electronics and computing will allow reconfigurable, 

autonomous, “thinking” spacecraft

• Nanotechnology presents a whole new 

spectrum of opportunities to build

device components and systems for 

entirely new space architectures

- Networks of ultrasmall 

probes on planetary surfaces

- Micro-rovers that drive, 

hop, fly, and burrow

- Collection of microspacecraft 

making a variety of measurements

Europa Submarine


Nanotech in the World
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from: http://www.nano.gov/roco_aiche_48slides.pdf
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in the first year (NNI, 2001)

~ Developments faster than expected

Reducing the time of reaching commercial prototypes by
at least of factor of two for several key applications

- Key advancements
- Engineer materials with atomic precision using biosystems as agents
- Create circuits with the logic element a molecule wide
- Assemble DNA, nanocrystals to build molecular devices and systems
- Detect anthrax, other contaminants with unprecedented speed
- Single molecule behavior and interaction
- Artificial genetic system
- Conducting polymers
- New concepts for large scale production of nanotubes, their use
- Drug delivery systems
- Detection of cancer .. ..

M. Roco, NSE, 11/05/02




from: http://www.nano.gov/roco_aiche_48slides.pdf
[image: image14.png]X

X

Create transistors with
amplification and memory
devices at the nanoscale

- Create systems/circuits that

can be addressed at the
nanoscale

- The time scale for

commercial application has
been reduced: less than 2
years for memory devices,
5-6 years for logical devices
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[image: image15.emf]• Ability to synthesize nanoscale building blocks with control on size,

composition etc.  further assembling into larger structures with

designed properties will revolutionize materials manufacturing

- Manufacturing metals, ceramics, polymers, etc. at exact shapes without 

machining

- Lighter, stronger and programmable materials

- Lower failure rates and reduced life-cycle costs

- Bio-inspired materials

- Multifunctional, adaptive materials

- Self-healing materials

• Challenges ahead

- Synthesis, large scale processing

- Making useful, viable composites

- Multiscale models with predictive capability

- Analytical instrumentation


Carbon Nano-Tube: CNT

[image: image16.emf]CNT is a tubular form of carbon with diameter as small as 1 nm. 

Length: few nm to microns.

CNT is configurationally equivalent to a two dimensional graphene 

sheet rolled into a tube.

CNT exhibits extraordinary mechanical 

properties:  Young’s modulus over 

1 Tera Pascal, as stiff as diamond, and tensile 

strength ~ 200 GPa.

CNT can be metallic or semiconducting, 

depending on chirality.
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•	Expanding ability to characterize genetic makeup will

	revolutionize the specificity of diagnostics and 		therapeutics

		-	Nanodevices can make gene sequencing more 			efficient



•	Effective and less expensive health care using remote 	and in-vivo devices

•	New formulations and routes for drug 		delivery, optimal drug usage



•	More durable, rejection-resistant artificial 		tissues and organs



•	Sensors for early detection and prevention

Nanotube-based

biosensor for

cancer diagnostics
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Some critical defense applications of nanotechnology include

	

	•	Continued information dominance: collection, transmission,

		and protection

	•	High performance, high strength, light weight 

		military platforms while reducing failure rates and 

		life cycle costs

	•	Chemical/biological/nuclear sensors; homeland protection

	•	Nano and micromechanical devices for control of 

		nuclear and other defense systems

	•	Virtual reality systems based on nanoelectronics for 

		effective training

	•	Increased use of automation and robotics
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CNT is a tubular form of carbon with diameter as small as 1 nm.  

Length: few nm to microns.



CNT is configurationally equivalent to a two dimensional graphene sheet rolled into a tube.

CNT exhibits extraordinary mechanical properties:  Young’s modulus over 

1 Tera Pascal, as stiff as diamond, and tensile strength ~ 200 GPa.



CNT can be metallic or semiconducting, depending on chirality.
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•	Advanced miniaturization, a key thrust area to enable new science and 

	exploration missions

		-		Ultrasmall sensors, power sources, communication, navigation,

				and propulsion systems with very low mass, volume and power	

				consumption are needed



•	Revolutions in electronics and computing will allow reconfigurable, 

	autonomous, “thinking” spacecraft



•	Nanotechnology presents a whole new 

	spectrum of opportunities to build

	device components and systems for 

	entirely new space architectures

		-		Networks of ultrasmall 

				probes on planetary surfaces

		-		Micro-rovers that drive, 

				hop, fly, and burrow

		-		Collection of microspacecraft 

				making a variety of measurements

Europa Submarine
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•	Nanotechnology has the potential to impact energy efficiency, storage and 	production



•	Materials of construction sensing changing conditions and in response 	altering their inner structure



•	Monitoring and remediation of environmental problems; curbing emissions; 	development of environmental friendly processing technologies



•	Some recent examples:

	-	Crystalline materials as catalyst support, $300 b/year

	-	Ordered mesoporous material by Mobil oil to remove ultrafine 			contaminants

	-	Nano-particle reinforced polymers to replace metals in automobiles to 		reduce gasoline consumption
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•	Automotive electronics to grow to $30 Billion by 2005



•	Pressure to keep cost of devices low is enormous



•	Sensors in use now include monitoring wheel speed, pedal positions, oxygen sensors to check 		exhaust, accelerometers to detect sudden stops, pressure and temperature sensors



•	Future systems

		-	Collision avoidance

		-	Break-by-wire, steer-by-wire systems (slowing the car and guiding electrically instead 			of manually)

		-	Sensor systems when new fuel sources become common



•	Challenges

		-	High temperature survival of sensors

		-	Withstanding mechanical shock, hostile environment

		-	Conditions: sever swing in T; variable humidity; road salt; noxious gases;

			f ~ 10 g; ~ 10 year life-time



•	MEMS made it in the airbag.  But the car interior is a benign environment.  Will MEMS work

	elsewhere in the car?
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•	Ability to synthesize nanoscale building blocks with control on size,

	composition etc. 	     further assembling into larger structures with

	designed properties will revolutionize materials manufacturing

	-	Manufacturing metals, ceramics, polymers, etc. at exact shapes without 			machining

	-	Lighter, stronger and programmable materials

	-	Lower failure rates and reduced life-cycle costs

	-	Bio-inspired materials

	-	Multifunctional, adaptive materials

	-	Self-healing materials

•	Challenges ahead

	-	Synthesis, large scale processing

	-	Making useful, viable composites

	-	Multiscale models with predictive capability

	-	Analytical instrumentation	












