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The Talk
• High Impact Technology Overview
• Ruminations on collectively achieving 

significant net positive impact
• Speculation on Timing 2015, 2020, 

2030



High Impact Technology
• Various types of Nanotechnology
• Hardware for AI and Sensors for AI 

input
• Quantum Computers and Quantum 

Technology
• Beyond Moore Law Candidates
• Hyperspeed Communication
• Superconductors
• Nuclear Fusion



Best Near Term 
• 3D DNA Nanotechnology
• Graphene
• Carbon nanotubes
• Self Assembly
• Nanoscale enhancements of printable 

electronics and additive manufacturing
• Fab in a Box



3d DNA Nanotechnology
• DNA 

boxes

• DNA 
tubes 
and 
other 
shapes



Graphene
• electrons travel up to 100 times faster in graphene 

than silicon.
• 1000 Gigahertz electronics
• Graphene Energy: Ultracapacitors with twice the 

storage capacity of commercially available 
ultracapacitor in the lab by end of 2009 ($500K 
seed funded)

• a few” startups working on large-scale graphene 
production, as well as several big chemical 
companies that are trying to develop graphene 
production processes.

• Nanostripes



Nanocomp
• High Strength – spun conductive yarns exhibit breaking strengths up 

to 3 GPa expressed or in other terms: 1.5 Nt/Tex or 450,000 psi and 
with fracture toughness that is higher than aramids (such as Kevlar 
or Twaron). CNT sheets have breaking strengths, without binders, 
that range from 500 MPa to 1.2 GPa depending upon tube 
orientation. Aluminum breaks at 500 MPa, carbon steel breaks 
around 1 GPa.

• Electrical Conductivity – Capable of carrying more current than 
copper and are also more conductive than copper at high 
frequencies. 

• Thermal Conductivity - Capability to transfer more heat than copper 
or silver on a per weight basis. 

• Thermoelectric behavior - Demonstrate a Seebeck coefficient of 
greater than 60 µV/ºK and power greater than 1 watt/gram.

• Extremely Lightweight – Less than half the weight of aluminum 
• Over three years enough to retrofit EMI shielding in all commercial 

jets.



Self Assembly
• Guided Self-assembly
• Surface topography
• Surface wetting
• Electrostatic force
• Magnetic force

sawtooth ridges 
formed by cutting 
and heating a 
sapphire crystal 
serves to guide the 
self-assembly of 
nanoscale elements 



Aerojet Printing and Printable 
• Printing carbon nanotubes for electronics and 

computing and solar cells
• Optomec, a leading rapid manufacturing company, has 

an all-printed CNT-TFT (carbon nanotube-thin film 
transistor) on a polyimide substrate

• all-aerosol-jet-printed process eliminates the need for 
lithography, vacuum processing, and metallization 
procedures and thus provides a promising technology 
for low-cost, high-throughput fabrication of large-area 
high-speed flexible electronic circuits on virtually any 
desired flexible substrate.

• 10 microns wide, 5 Ghz, 200 meters/s
• Aerosol Jet systems are used in the 
development of next generation printable devices 
such as  solar cells, fuel cells, embedded sensors



Fab in a Box





Fab in a Box





Hardware for AI and Sensors 
for AI input

• Getting a massive hardware 
acceleration sooner will help to AGI 
goal

• Massive amounts of sensors and 
satellites (high-res imaging) feeding 
AIs for semi-omniscience

• Memristors have synapse 
characteristics

• Could make memristors at 30nmX 
30nm X 2 nm



Beyond Moore’s Law 
• Plasmonic computing  (maybe zettaflops 

instead of exaflops by 2020)
• Graphene for 1000 GHz
• Universal memory that is superfast and 

lower energy use would be a general speed 
boost

• GPGPUs are improving faster than Moore’s 
law

• Quantum dot cellular automata
• Massive distributed computing bound by a 



Quantum Computer 

• Grover's algorithm – search database 
with N entries in O(N1/2) time and 
using O(log N) storage space

• Quantum algorithms for linear and 
differential equations

• Quantum simulations of molecular 
systems



Quantum Digital Batteries – 
Nano vacuum tube arrays

Alfred Hubler also proposes Atomic  Neural Nets (billion nodes per neuron, 
more energy efficient than brain) and digital wire (wire utilizing quantum 
effects)



Quantum dot/Nano Gap Heat to 
• the ideal thermal-to-electric converter using quantum dots, 

Quantum-coupled single-electron thermal to electric 
conversion scheme

• Thermal diodes demoed at 40% efficiency but could reach 90%
• Need to make a lot of the quantum dot devices which need to 

be perfected. Pre-nanofactory nanotechnology
• Peter Hagelstein MIT and Micron-gap Thermal Photo-Voltaics 

(MTPV Corp/ Robert DiMatteo)
• Microgap thermophotovoltaics take advantage of evanescent 

waves to obtain higher throughput, with the power per unit 
area limited by the internal blackbody, which is n2 higher. 
Higher power per unit area can be achieved by taking 

placing a high-temperature surface extremely 
close (~5 nm) to a low-temperature surface, 
and cover the surfaces with arrays of carefully 
structured quantum-dot components. With 
the use of small quantum dots, the scheme 
becomes very efficient theoretically, but will 
require advances in technology to fabricate.



Hyperspeed Communication
• Near term 60 GHz wireless for 7-12.5 

Gbps. Range can be extended with 
antennas
– High Gain antennas can boost the range 

to 1000 meters with 99% availability.
– Metamaterial antennas, nanoantennas

• Terahertz communication by 2020 for 
2-20 times more speed than 60 GHz

• Terabit optical chip (CUDOS australia)
• More speed from better laser 



Superconducting Transformers 
•40 percent of the USA’s total grid energy losses are from aging 
conventional transformers and that the use of superconducting 
transformers could reduce energy losses on the grid by one-
third
•A transformer with superconducting wire can eliminate up to 
half the energy losses of transformers wound with conventional 
copper wire and results in a device that is about one-half the 
physical size and weight of a conventional transformer



Transmission Efficiency
• Transmission

– Superconductors
• 1/3 of the power losses (3% instead of 9%)
• 24 times less land (25 ft wide instead of 600 

ft wide)
• $8-13 million per mile

– Ultra high Voltage Alternating Current
• Transmission line losses about ¼ vs EHV lines 
• 1/3 to 1/2 vs standard extra high voltage 

(EHV) lines.
– Carbon nanotubes could also be used to 



US Energy Use 2008



Fusion
IEC fusion uses magnets to contain an electron 
cloud in the center. Then they inject the fuel 
(deuterium or lithium, boron) as positive ions. The 
positive ions get attracted to the high negative 
charge at a speed sufficient for fusion. Speed and 
electron volt charge can be converted over to 
temperature. The electrons hitting the TV screen can 
be converted from electron volts to 200 million 
degrees.

The old problem ions would collide with grid (2% 
losses minimum).

magnets on the outside 100,000 times less losses

Could prove out within 2 years and then commercial 
before 2020

Space 40 to 1000 times cheaper and energy about 5 
times cheaper.



Fusion
• Focus fusion – Dense Plasma Focus 

Fusion ($1.2 million 2009-2010 to 
prove it out) Use billion gauss fields 
from plasmoids. 

• If it works as expected up to 50 times 
reduction in energy costs

• General fusion
• Field reversed configuration (colliding 

beam) – Tri-alpha energy and Helion 



Fusion for Space is Easier



Fusion to Assist in Deep Burn 
Fission is Easier



Positive Deflection of Global Trends
• Challenge to go beyond regular 

improvement
– 8+% GWP growth (no inflation, 5-7% best 

BAU)
– Beyond Moore’s law or other tech trends
– Creative combinations to significantly 

accelerate an important development (make 
a sweet spot)

• Productivity Enhancement
• Exec Management enhancement/



Goldman Sachs Analysis 
of Increasing India’s GDP 



Creativity in Faster, Sooner and 
• Enhancing humans, companies, cities, regions, 

regulation, governments
– Computational Governance

• Real time business census
• Timely and accurate
• Sensors feeding models
• Not big brother but competent partner and tracking 

systems affordable and usable for all (parallel private 
and public systems)

• Wikipolicy, wiki-public plans, X-plan competitions
• Pre-test and track effectiveness of policies and plans

– Ubiquitous testing, validation and simulation
• Scientific method to government (historical data tests, 

compare competing approaches, field trials etc…)



Historic Global GDP Gains
• Agricultural Productivity
• Industrialization
• Urbanization
• Container Shipping (Transportation & Trade)

– Before that ships, car, rail – efficiently moving 
stuff

• Services
• Information Technology (including internet)
• Telecom
• Efficient capital and financial markets 
• Organization and Processes

Quantify and compare multiplier effects



Future New Economy
• Re-examine all of the historic ones to get more 

out of them
• Even more products and services (more 

choices/customized)
• Do the same things faster (pick up the pace)

– More transactions in a year
– X years of growth in one year

• Inventions and creative combos
• Space expansion
• Robots, agents & multipliers



Re-examine historic GDP 
• Agricultural Productivity

– Genetically modified food (more and healthier food)
• Industrialization

– Additive manufacturing, reel-to-reel printable electronics, 
nanofactories

• Urbanization
– Re-invent cities with supertech for hyper-productivity

• Transportation & Trade
– Magnetic pipelines
– Sub-orbital hypersonic transport

• Services
– No future shocked left behind



Re-examine historic GDP 
• Information Technology (including 

internet)
• Telecom

– Get faster communication sooner
• Efficient capital and financial markets 
• Organization and Processes
• Population and Geographic Expansion

– Everyone involved and productive
• Catchup everyone in Africa, Asia etc…
• Contribute and consume



Future New Economy
• Radical Health improvement

– Life extension
– Regeneration
– Nanomedicine

• New services
– Helping people adapt and stay connected 

to civilization changed by new 
technology

– Business models where people work with 
robots and AI



More from Less Matter & 
• Efficiency

– More GDP per kWh
– Lighter products and less movement of things

• Stronger materials can make big things from less 
tonnage (GDP/ton)

• More matter & energy
– Reel to reel production and Nanotechnology and 

other ways to ramp up production
– Nuclear fusion
– Access to space 

• Asteroids have $100 billion of resources for every 
person



Basic drivers
• More and cheaper Energy
• More efficient and productive use of 

energy and materials
• Faster Communication

– Broadband, ultrabroadband and beyond
– Better antennas can increase range of fast 

local wireless
• Mobile Productivity
• Put new technology together to 

revamp cities



Business as Usual is Powerful
• What will people actually buy ?

– Dayjet - failed air taxi service 
• Would save hours driving to airport, hours at security checks, 

cost about business class ticket
– Concord to Torrance, San Carlos to Corona

• Change in booking the ticket for the individual 
• Narrow service area
• Company HR/procurement has allow it

– Roadable planes
• Only 250,000 pilots in the USA 

• Market acceptance, training issues
– AI assistant and automation could address training issues

• Japan culture early adopts gadgets, China good at 
adopting and implementing nation scale change 



Barriers in the Mind to 
Substantially Faster Progress

• I don’t believe it, that is why you fail
– If scientists reject then few try 
– Journalists will mock it and try to “expose 

the waste”
– If business people reject then funding 

problems
• High Risk, high payoff in few 

institutions
– DARPA and who else ?





Can Supertech break barriers 
• The first shock the world innovation could 

change the mindset
• Proto-AGI could help people and businesses 

adapt
• Transform regulatory processes

– FDA - Biomarkers, adaptive clinical trials
– EPA – environmental impact studies
– Engineering – NRC, civil engineering

• Integrate the design validation and regulatory approval and 
proving it is safe



What if a Supertech is Late 
• How do we achieve goals anyway or 

sooner with an earlier and weaker 
version ?

• AI not good enough for fully robotic car 
system?
– Deploy better GPS and sensors to reduce AI 

requirements
– Make a system that works anyway

• Roadtrains - 6 cars follow a better lead driver
• Full Fledged Quantum computing and 



Full Nanotech Late
• Maximize use of low volume molecular 

precision
– Utilize quantum effects

• Quantum computers
• More precise clocks and lasers

– Better clocks, better GPS
– Better lasers for faster communication and better 

sensors

– Chipscale and smaller
• Atomic clocks everywhere
• Small accelerators everywhere
• Superphysics out of the lab and into personal and 

business products



Open Entirely new Areas
• Otherwise what is the reason for taking 

a big financial risk on something 
different ? 

• How do you displace what is good 
enough ?

• Problems for business as usual  
Opportunity
– Greenhouse gas problem
– Peak Oil

Some openness to new energy solutions



Status of the current mix
• Impactful Convergence:  GPGPU, FPGAs, Higher 

speed communication (onchip, between chips, 
distributed)

• Working and building to impact: Mathematically 
error-free OS kernel, solid state memory, Quantum 
Computers, Memristors

• Understanding Concrete from Molecular Level up 
(MIT)

• Convergence enhancers - antennas, additive 
manufacturing

• Setting the stage with some payoff and changes 
(Change significant for those outside but not 
singularity scale)



2010-2015
• DNA nanotech matures (structures, switches)
• Synthetic biology for biofuels
• Stem cells and gene therapy
• Supercheap medical tests, early detection and treatment
• Early life extension technology emerging
• Graphene, carbon nanotubes have some significant 

commericialization (big impact 2015-2019+, electronics and 
material related products)

• Enabler  = harvested power, even faster wireless 
communication

• Super smartphones, tablets, ebooks
• Gigapixel and more imaging - with low power usage and 

constant surveillence
• Myostatin inhibitors, SARM steroids, exoskeletons emerge
• 2nd gen cognitive enhancers
• Validation of new nuclear fusion methods – moving to 



2015
• Possibly the first exaflop 

supercomputer. Distributed systems 
have exascale by 2012
– Terabit internet and cloud computing OS 

likely to reshape the resourcing of 
computers 2012-2020

– 100,000+ supercompute nodes: Need to 
have hotswapping and instant connect 
and compute



How Much 2015 ?
1. Economic abundance

– Regular World GDP projection
• 74.7 trillion GDP, 93 trillion PPP (end of 2014)
• 60.6 trillion GDP, 73 trillion PPP 2010
• GDP growth 4-5% per year

2. Radical life extension
– +10 years for some and up to 80% reduction in cancer 

fatality and 30% in heart disease, +2 yrs generally
3. Physical and Cognitive enhancement 

– Myostatin inhibition, SARM Steroids
4. Automation, Robots, exoskeletons

– HULC, sarcos



UN Global 
Model to 2015



How Much 2015 ?
5. Super-materials
• Carbon Nanotubes: 1000 tons/yr now, 10k tons 2011
• Carbon Nanotubes: 40K-100K tons/year by 2015, $1-5/lb
• Graphene
• 3.5 billion tons of cement, 2.2 billion tons of steel, 17 million 

tons of copper
6. Open Access to space
 Space hotels 2012-2013
 SpaceX and other new rockets
 VASIMR 
7. Pollution elimination (still slowing growth)
8. Computer/Intelligence Advancement

– Quantum computing, quantum dots, universal memory, memristors, 
graphene – high frequency chips



2016-2020
• Proving and initial commercializing 

nuclear fusion and a combined 
systems for factory mass produced 
deeper burn fission - (build out will 
get to meaningful levels in 2020-2030
+)

• Super smartphones and network of 
super accessories- continue

• smarts in cars and buildings



2016-2020 part 2
• OLED and Printable Electronics

– Roadmap
• Superconductors Cheap and Ramping 

Deployment
• Solar electric sail, VASIMR
• Significant volumes [tens of thousands 

of tons] of carbon nanotubes, 
superconducting wire, graphene



How Much 2020?
1. Economic abundance

– Regular World GDP projection
• 150 trillion GDP, 200 trillion PPP, GDP growth 6% per 

year
• +35% GDP growth over ten years with Gigabit 

broadband 
• Nanoantennas ?

2. Radical life extension
– +10-15 years for more and up to 99% reduction 

in cancer fatality and 80% in heart disease, +4 
years generally

3. Physical and Cognitive enhancement 
4. Automation, Robots, exoskeletons



How Much by 2020 ?
5. Super-materials
• Carbon Nanotubes: 200-300 kt or breakthrough to 

megatons
• Graphene
• 4 billion tons of cement, 3 billion tons of steel, 17 million 

tons of copper
6. Open Access to space
 More Space hotels, bigger and cheaper new rockets
 Megawatt VASIMR 
7. Pollution elimination
8. Computer/Intelligence Advancement
9. Towards programmable matter

 Claytronics



2021-2030
• 2020-2030  Big Payoff and supertech comes 

together
• Infrastructure light change -
• Early - robotic cars, leader following road trains, 

modular cars etc...
• Wearable computers and robotics
• Terapixel and more imaging - with low power 

usage and constant surveillence
• Sensors imaging and superfast quantum search.
• Hardware and energy  - less heroics from the 

software.



Energy 2015, 
2020, 2030

More nuclear is just China and 
some other countries hitting stated 
targets. Like China 86GW in 2020 
and 160-200 GW for 2030
And some adoption of better uprates 
(dual cooled fuel)

Fusion and Nanotech has double 
economic growth from 2020-2030 
and more nuclear and renewables.
Better manufacturing can make 
everything max uprated and higher 
efficiency turbines fully deployed



How Much 2030 ?
1. Economic abundance
2. Radical life extension
3. Physical and Cognitive enhancement 
4. Automation, Robots, exoskeletons
5. Super-materials
6. Open Access to space
7. Pollution elimination
8. Computer/Intelligence Advancement
9. Towards programmable matter

Unleash super innovation



Enabling the Near Impossible
• Super-dielectrics for Mach Effect 

Propulsion
• Room temperature superconductors
• Magnetic ground launch
• 200+ Tesla superconducting magnets

– Test Heim hyperdrive
• Quantum Digital Batteries
• Catalyze Ultradense deuterium

– Make nuclear fusion 100,000 times easier
• Trillion+ qubit quantum computers



End of Talk
• Extra slides follow



Goldman Sachs Projections



GDP Determinants Since 



Detailed Analysis That Considers Capital 
Expenditure and Generation Costs and Build 



Accelerate Convergence
• Takes Creativity to work around a 

bottleneck
– FDA delays : Better use of already 

approved
– FDA delays : Medical tourism 
– Low Volumes of carbon nanotubes

• Increase volumes or use as additives
– Fully Robotic driving is tough, maybe 

2030+
• Make super cruise control, platoon cars to 

follow skilled driver (deploy partial solutions 





Advanced Lithography and 
Mainstream: lithography, nanoparticles for medicine and 

more, carbon nanotubes and other nanotech and 
nanostructured materials, Scanning Probe Microscopy 
and other microscopy, aerojet printing, arrays of dip 
pens, MEMS/NEMS, nano-enhanced regular tech, better 
sensors, detection devices and tests

Enabling: Computational Chemistry, Superlenses, Lab on a 
chip

Progressing: DNA nanotechnology, self assembly, 
graphene electronics, quantum dots, quantum 
computing, nanostructures for tissue engineering, 
nanomembranes/nanofiltration, nanophotonics, 
molecular electronics, spintronics, plasmonics

Basic capabilities and funded development: atomic layer 
expitaxy and deposition, mechanosynthesis

Other: RNA, DNA, proteins, avogadro scale computing, 



Gains from Broadband



Fiber Trenching Costs
• $25 - $50 K per mile in open farm land
• $250 K to $ 3 Million per mile in urban areas
• Boring
• Trenching
• Encasement
• Splice Points
• Map inaccuracies
• Hand digging zones
• Permits and easements
• Fiber Cuts
• 0.018 per mile per year probability - 15 mile link, 2.4 Hours 

downtime per year on average





Antenna Gain — the Most Cost Effective Link Margin Increase on 
the Planet

• Conference Room Engineering
• Antenna size in the conference room
• Antenna size on the roof
• Double diameter, multiply the link margin by almost 20X 

(12dB)
• This is the same as a 1 watt amplifier doing the work of a 20 

watt amplifier





Classic Metro Solutions



•
Fig. 2. R&D directions in millimeter 
and terahertz waves





High Impacts Convergence
Nanotech and Physical 

Tech
• DNA Nanotech
• Carbon Nanotubes
• Graphene
• Boron Nitride 

Nanotubes
• Quantum Dots

AI, AGI, Info and 
Software

• GPGPU
• Exaflop 

Supercomputers
• Quantum 

Computers



Other High Impact Tech
• Energy
• Fusion Energy
• Superconductors



Advanced Lithography
• Double, triple and quadruple patterning (down 

to 11 nm)
• Computational lithography
• EUV (with quadruple patterning down to  5 

nm)
• Nanoimprint (13nm now 1-2 nm with CNT)
• Self assembly (down to 2 nm)
• E-beam
• Plasmonic lithography
• Resolution augmentation through photo-

induced deactivation (RAPID) lithography 40 
nm now (10nm)

• Ion beams



Double, Triple, Quad Litho



Nanoimprint
• metallic-glass molds can be used millions of times to pattern 

materials, including polymers like those used to make DVDs. 
Schroers Yale group used the molds to create three-dimensional 
microparts such as gears and tweezers, as well as much finer 
structures. Feb 2009 Journal nature paper : molds with features as 
small as 13 nanometers.

• Theoretic size limit is the size of a single atom for the metallic-
glass molds. Yale researchers hope to make molds that can form 
even finer structures by controlling the surface chemistry of the 



Beyond CMOS
Emerging Research Device 

Technology Candidates are 
being evaluated.  A list of 
devices being considered 
to go beyond CMOS.
- Nano-electro Mechanical 
Switches
- Collective Spin Devices
- Spin Torque Transfer 
Devices
- Atomic Switch / 
Electrochemical 
Metallization
- Carbon-based 



ITRS 2008 Summer 
• Carbon-based Nanoelectronics to include 

carbon nanotubes and graphene 
• For additional resources and detailed road 

mapping for ITRS as promising technologies 
targeting commercial demonstration in the 



Nano-enhanced Regular 
• Concrete and metal

– Research on the nanoscale that provides insight into 
improved control of the properties

– Nanograins for metal, almost no-creep concrete
• Hydrophobic sand

– Desert sand made hydrophobic by additive SP-HFS 1609
– The large rolls sandwich the sand between layers of 

polyethylene and can be produced in lengths of up to 50 
metres. “The coating is done in 30 or 45 seconds,” said 
Hareb. “We have the capacity of manufacturing 3,000 
tonnes per day.”

• Engineering properties : composites, polymers, doping
* Larger holes (4-5nm) in 
zeolite for more efficient oil refining.
Crack larger molecules

* Cars, planes, buildings, subs



Nanoparticles
• Nanoparticles for 

diagnosis and 
delivery of 
medicine

• Tobacco mosaic 
virus is like a 18-
nanometer wide 
straw, which can 
hold gene 
silencing RNA

• 2007 total market 
for 
nanotechnology-
enabled drug 



Nanomed today
Nanoparticles is a microscopic 
particle with at least one 
dimension less than 100 nm.

Liposomes is a spherical 
vesicle composed of a bilayer 
membrane. In biology, this 
specifically refers to a 
membrane composed of a 
phospholipid and cholesterol 
bilayer 

Antibody conjugates
A conjugate vaccine is created 
by covalently attaching a poor 
antigen to a carrier protein, 
thereby conferring the 
immunological attributes of 
the carrier on the attached 
antigen. This technique for the 
creation of an effective 
immunogen is most often 
applied to bacterial 
polysaccharides for the 
prevention of invasive 
bacterial disease.



Carbon nanotubes
• 500 ton/year factory : Cnano Technologies
• Context (carbon fiber, kevlar, copper, steel, 

cement)
• Kevlar reinforced with carbon nanotubes
• Nanocomp Techologies
• CNT-reinforced aluminum is only around one third 

that of steel, but is as hard as steel (Bayer Materials 
work)
– Could become cheaper than alloy method for making 

strong aluminum
• Lunar cement and concrete

–  2.4-metre mirror like Hubble's, Peter Chen (NASA 



Nanocomp Technologies
• Nanocomp’s has high-volume production of very long CNTs 

(approximately one millimeter in length), and then processing the 
nanotubes into contiguous macrostructures (4ftx8ft mats). Over the 
past 18 months, the company has been distributing CNT yarn into 
the marketplace, recently delivering the 10 kilometer shipment to 
meet its customer’s volume and performance specifications. Highly 
conductive products are lighter and stronger than aluminum, can be 
draped like a cloth or spun like a yarn or wire

• provide electrostatic discharge (ESD) and electromagnetic 
interference (EMI) shielding components.

• The electrical properties of the sheets are already superior to 
existing materials by weight for applications like radiation and 
electromagnetic shielding

• They can achieve the same electromagnetic shielding at one third to 
one half of the weight of traditional material (copper wires)

• Superior electrical properties already exist for antennas



CNT Yarn and Sheets



Diamond
• Switch higher frequencies  (10-120 Ghz) and voltages for power chips 

(MESFET, rf, 100 watt x-bands)
• High power devices applications include satellite communications, 

telecoms base stations and compact, high resolution phased-array 
radars

• 2 tons of power electronics per railcar can be 50 pounds
• Great thermal conductivity, reaching 2,000 Wm-1°C-1 for mono-crystal, 

which is the highest of any solid material (4-5X higher than silicon 
carbide and copper)

• diamond is vastly better substrate
• Single crystal diamond across wafers much bigger than an inch and a 

half
• polycrystalline diamond films (5 nm grains of carbon, 20-30 atoms 

across)



Properties
• Strength of materials
• Conductance 
• Electron mobility
• Thermal properties
• Do more or better with less material 

(stronger, electrical properties)
• Do something completely new



Microscopy
• STM
• SPM
• AFM
• Superlenses
• Hyperlens
• Dip pen nanolithography
• Arrays of tips
• Zyvex/DARPA tip based research 

project



Quantum Dots
• Single molecule quantum dots
• Bulk production of quantum dots



Computational Chemistry
• Computational chemistry is a branch of chemistry that uses 

computers to assist in solving chemical problems
• Computing power and methods have advanced to where it is 

now possible to use molecular simulations to predict 
important engineering properties of real materials with a high 
degree of accuracy.

• Anton Supercomputer, Nvidia Tesla
• NanoEngineer-1 is an open-source (GPL) 3D multi-scale 

modeling and simulation program for nano-composites with 
special support for structural DNA nanotechnology.



DNA Nanotechnology
• DNA origami
• DNA movement and placement of 

nanoparticles and carbon nanotubes
• New bases and chemistry
• DNA separation of carbon nanotubes



Nanopantography
• Nanopantography uses microlenses placed on a substrate (the 

surface that is being written upon) to divide a single ion beam 
into billions of smaller beams, each of which writes a feature on 
the substrate for nanotech device production

• simultaneous impingement of an Ar+ beam and a Cl2 effusive 
beam on an array of 950-nm-diam lenses can be used to etch 
10-nm-diam features into a Si substrate, a reduction of 95x. 

• Simulations indicate that the focused “beamlet” diameters scale 
directly with lens diameter, thus a minimum feature size of 1 nm 
should be possible with 90-nm-diam lenses that are at the limit 
of current photolithography. 

• We expect nanopantography to become a viable method for 
overcoming one of the main obstacles in practical nanoscale 
fabrication:  rapid, large-scale fabrication of virtually any shape 



Thermoelectric
• Silicon 

nanowires. ZT 
0.6-1.0

• quantum wells 
that get 4.5ZT

• thallium-doped 
lead telluride ZT 
1.5 3.0

• Recover waste  
heat of cars and 
trucks

• Power passenger 
cooling and 
heating



Roadmap



Block Co-polymers
• Block 

copolymers
UCSB claims self assembly 

block co-polymer 
features on silicon 
(5-20nm). Making 
improvements (like cross 
linking for faster 
manufacturing)



Plasmonic Lithography
Engineers at the University of California, Berkeley, are reporting a new 
way of creating computer chips that could enable commercial speed 5 
nanometer optical lithography. It can also mean higher density hard 
drives and optical disks with 20 times the density of Blu-ray.

The 5 page research paper: Flying plasmonic lens in the near field for 
high-speed nanolithography, Published online: 12 October 2008; doi:
10.1038/nnano.2008.303.

The researchers designed an air bearing that uses the aerodynamic lift 
force created by the spinning to help keep the two surfaces a mere 20 
nanometers apart.

Air bearings are used to create magnetic tapes and disk drives, but this 
is the first application for a plasmonic lens.

With this innovative setup, the engineers demonstrated scanning 
speeds of 4 to 12 meters per second.



Energy Costs



Energy Use 2007



LLNL Scenario for 2050



2004 LLNL Nuclear Scenario for 
2050



Conventional Stretch 
LLNL Stretch Energy Scenarios
• All transportation, not just cars (airplanes, freight, boats, trains), 

running on hydrogen produced by non-carbon-emitting sources, 
with light-duty vehicles averaging 50 mpg 

• Six new nuclear power plants going on line each year between now 
and 2050 

• Renewable energy sources (solar, wind, biomass, geothermal, 
hydroelectric) generating 75 percent of the nation’s electricity 

• Coal used exclusively to produce hydrogen instead of electricity, 
making possible the capture and storage in the earth of 2.3 billion 
tons of carbon dioxide a year. 

• Even in such a utopian energy economy, the chart shows, the nation 
would still be venting 2.3 billion tons of carbon dioxide a year – 
down from the current level of nearly six billion tons, but still a long 
way from carbon free.

• 120 quads per year case (2050). Required: a 50 percent 
improvement in electric generation, industrial, freight and aircraft 
efficiency; auto fuel economy averaging 50 miles a gallon; and 
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Thermal Efficiency



Future Fossil Fuel Efficiency
• GE Pulse Detonation For 65% Efficient Natural Gas 

Power Generation Turbines
• integrated coal gasification fuel cell combined cycle 

(IGFC) provides 55%. Efficiency levels are 7% to 8% 
lower than that of natural gas-fired IGCC/IGFC.

• Advanced IGCC - generation efficiency of 57% and  
A-IGFC with fuel cells, is expected to provide a 
generation efficiency as high as 65%

• 33% now for coal and 40-46% for natural gas
• -A 10 percent increase in the thermal efficiency 

would raise the overall efficiency of the coal‐fired 
power plant fleet from 32.5% to 35.8%


