
Jan. 21, 2000 - President Clinton announced his FY 2001 budget will include a National 
Nanotechnology Initiative (NNI): 

“My budget supports a major new National Nanotechnology Initiative, worth $500 million. 
….Imagine the possibilities: materials with ten times the strength of steel---.shrinking all the 
information housed at the Library of Congress into a device the size of a sugar cube---
detecting cancerous tumors when they are only a few cells in size.



 

“The vision of the National 
Nanotechnology Initiative (NNI) is 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.”
https://www.nano.gov/

https://www.nano.gov/
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Talent Output: 120 GSR +Postdoc; 75 Faculties
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Also Industries & Foundations



My first Experiment with Nanowires: 1993-96

Nanowires as columnar defects in HTSC,
pin magnetic flux lines,

and enhance critical current density



My first Experiment with Nanowires: 1993-96

Metal oxide nanorods; 
US 5,897,945, April 27, 1999.

Priority date
1996-02-26

Metal oxide nanorods and 
composite materials containing 

such nanorods. The metal 
oxide nanorods have 

diameters between 1 and 200 
nm and aspect ratios between 

5 and 2000.

Nanorod
Nanowhisker

..
Nanowire

https://patents.google.com/?before=priority:19960226


Growth Mechanism:  Vapor-Liquid-Solid
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Unidirectional growth is the consequence of an anisotropy in solid-liquid interfacial energy.

Y. Wu, P. Yang J. Am. Chem. Soc. 2001, 123, 3165

800 deg. In-situ TEM



ZnO Nanowire & Nanolaser

"Catalytic growth of zinc oxide nanowires through vapor transport", 
M. Huang, Y. Wu, H. Feick, N. Tran,E. Weber, P. Yang, Adv. Mater.13(2), 113,2001.

"Room-temperature ultraviolet nanowire nanolasers", 
M. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, H. Kind, E. Weber, 

R. Russo, P. Yang, Science, 292, 1897, 2001. 



Nanowire Lasers

M. Huang et al. Science, 292, 1897, 2001

A nanoscopic room temperature UV laser with Fabry-Perot cavity 
along the third dimension

J. Johnson et al. Nature Materials, 1,101, 2002. T. Kuykendall et al. Nature Mater, 3, 528, 2004
P. Pauzauskie et al.Phys. Rev. Lett. 96, 143903, 2006.



Nanowire Photonics

Integrated Nanophotonics
Integrated flexible nanowire sensory system,

including light sources, waveguide, 
detectors, sensors, micro-nanofluidics

and embedded energy sources.

Nanowire Single Cell Endoscopy
Interrogating individual cells
 Delivering light, Imaging
Delivering DNA, drug

Extraction
 Stimulation, optical/electrical

Nature Photonics (invited review),  R. Yan, D. Gargas, P. Yang, 3, 569, 2009.
Nature Mater. Rev, 1, 16028, 2016
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Better Semiconductor Thermoelectrics

S: Seebeck Coeff.
σ: Electrical Conductivity
k: thermoconductivity
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• Difficulties in increasing ZT in bulk materials.
• So far the best bulk materials Bi0.5Sb1.5Te3 has ZT ~ 1 at 300K

Thermoelectric Figure of Merit: the difficult part



Phonon mean free path ~ > wire diameter > e mfp

Electron Transmitting

Phonon Blocking

Silicon Nanowires as High Performance 
Thermoelectrics

k
TSZT

2σ
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Size-dependent Thermal Conductivity

Si nanowires

Boundary Phonon Scattering

D. Li, Y. Wu, Appl. Phys. Lett. 2003
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ZT of solution-processed rough Si nanowires

A. Hochbaum et al. Nature, 2008

Nanowire ZT is 
100-fold greater 
than optimal doped 
bulk Si!



•  Started in 2009.

• Providing the key piece of technology for electricity 
generation from waste-heat;

•  Team currently at 30 people, new 15,000
square foot office/lab in Hayward, CA

•  With breakthrough silicon-based 
thermoelectrics, over 10x cheaper than 
existing technology, 



E1 thermoelectric generators
Up to 25 kW per 1,000 kW 

engine, saving 52,500 liters of 
diesel fuel per year, per engine



Exploring phonon transport in nanostructured materials will 
fundamentally change the way we think about the thermal 
energy transport and conversion.



Woong Kim et al,    JACS, 2007

Cells grow on a bed of nails



Nanoneedles for stimulating Cells
Muscle cell beating

Cardiac specific GFP in embryoid bodies
On NW array





Solar to fuel/chemical
Carbon-Neutral Solution

Artificial Photosynthesis

Chemical Fuels + Oxygen    =  Carbon Dioxide  + Water



Natural Photosynthesis

Carbon Dioxide +Water + Sunlight 
= Carbohydrate + Oxygen



The Helios Design 
(~2003)

Artificial Photosynthesis

http://www.google.com/url?sa=i&rct=j&q=helios+LBNL+logo&source=images&cd=&docid=aNheGcDQYd-WzM&tbnid=GeXEpv0Zc_pSoM:&ved=0CAUQjRw&url=http://www.case.dtu.dk/English/Organisation/Research%20Partners/Helios.aspx&ei=68-jUd_WFanQiAeuxYHYCg&bvm=bv.47008514,d.aGc&psig=AFQjCNGkHy-FO2cRHHPFcWci5U6zLtSMYA&ust=1369776449015122


Si wire array as photocathode

High surface area photocathode, can be decorated with Pt or MoS2, CoSx
nanoclusters.





Nanowire-Bacteria  Bio-hybrids
Feeding microbes with electrons for CO2 reduction

Biotic-Abiotic systems



Sem ic o nduc to r-Mic ro o rganism  Inte rfac e  fo r CO2 fixatio n
Integrated semiconductor-bacteria hybrid system

The hybrid approach combined the light harvesting CdS
particle with the self-replication biocatalysts a 
nonphotosynthetic bacterium, Moorella thermoacetica, 
enabling the photosynthesis of acetic acid from carbon 
dioxide. 

Sakimoto, K. K., Wong, A. B. & Yang,. Science 351, (2016). 

The high-surface-area silicon nanowire array
harvests light energy to provide reducing equivalents
to the anaerobic bacterium, Sporomusa ovata, for
the photoelectrochemical production of acetic acid
with low overpotential, high Faradaic efficiency and
long-term stability.

Self-Photosensitization

Liu C, et al. Nano Lett. 2015, 15, 3634.



 

1 µm

 





Liquid Sunlight
Carbon Dioxide +Water + Sunlight 

= Oxygen   + 

Fuels
Pharmaceuticals

Commodity Chemicals

Mimicking the Nature  & Better than the Nature



NASA Selects Proposals for First-Ever Space Technology 
Research Institutes

Center for the Utilization of 
Biological Engineering in Space (CUBES)

UC, Berkeley



Solar Foundry on Mars

https://en.wikipedia.org/wiki/File:Mars_23_aug_2003_hubble.jpg


Mars Resources: Opportunities and Challenges

78% (78 kPa) N2
21% (21 kPa) O2

0.04% (0.04 kPa) CO2
100% Light

H2O

2.7% (0.016 kPa) N2
0.13% (0.8 Pa) O2

95.3% (0.57 kPa) CO2
~60% Light

H2O

Earth Mars

6.7 x 1014 kg N

0.6 kPa pressure

35
https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html

Mars’s south pole



George Pimentel, Mariner 6
1969



Semiconductor Nanowires: 1990-2010

Source: ISI Web of Science, Keyword: Nanowires



Semiconductor Nanowires

• Nanowire Photonics 
• Nanowire Electronics
• Thermoelectrics
• Energy Storage, Battery
• Photovoltaics
• Catalysis
• Bio-nano interface
• Artificial Photosynthesis



25 YEARS OF NANOWIRE RESEARCH

TO BE PUBLISHED IN OCT 2019





Top Chemists of the Past Decade, 
2000-2010



Top Materials Scientists of the Past 
Decade, 2000-2010
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JACS Associate Editor, 2002-



Interdisciplinary
Opportunity



 

Individual
Curiosity
Creativity

Innovation





Supporting People
vs
Supporting Projects
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