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Targeted Research Areas for 2011 Internship at Caltech

Caltech faculty members generally welcome opportunities for international collaborations based on
mutual research interest. For 2011, there are four targeted research areas for collaboration, which are
specified below:

[1] Astronomy/Astrophysics/Space Studies

Astronomy, astrophysics and space studies at Caltech encompass a wide range of topics. Examples of
studies range from theoretical modeling and observational verifications of cosmology to studying the
Kuiper Belt in our solar system, instrumentation developments include energy sensitive single-photon
counting detectors to large optical and submillimeter telescopes, and major involvement in space
missions for astrophysics and planetary exploration. Facilities that Caltech researchers have access to
include the Palomar Observatory (Hale 5m telescope, 1.5m Mayer telescope, 1.2m Oschin Schmidt
telescope), the 10m telescopes of the W. M. Keck Observatory, the CARMA millimeter interferometer
array, the 10m Caltech Submillimeter Observatory, and the telescopes of the Owens Valley Radio
Observatory. Caltech researchers are involved in CMB experiments using facilities at the South Pole
and on balloons. Space Astrophysics missions with major Caltech involvement include the GALEX
UV imaging satellite, the Spitzer Space Telescope, the WISE all-sky survey explorer, the Herschel

Space Observatory, the Planck Satellite and the Advanced Composition Explorer (ACE).
The LIGO Laboratory on the Caltech campus operates the LIGO (Laser Interferometer Gravity Wave

Observatory) facility. Future projects that are actively being developed at Caltech include the NUSTAR
X-ray observatory and the CCAT submillimeter telescope.

Faculty contact; Professor B. Thomas Soifer (also Chairman of the Division of Physics, Mathematics and
o) at Caltech), bts @i du.

[2] “Beyond Si-CMOS” nano-electronic research

Current challenges in developing the technology that can go beyond the scaling limit of Si-CMOS
(Complementary Metal Oxide Semiconductors) involve finding effective means of increasing the areal
density of electronic devices on a chip while maintaining or even improving the performance. New
materials and device concepts are necessary to facilitate such advances. Among various intensely
explored paradigms, nano-electronic devices based on graphene and graphene-related materials,
spintronics (spin-dependent electronics) and topological insulators have demonstrated both rich
phenomena for scientific research and promising properties for beyond Si-CMOS applications. The
condensed matter physics lab led by Professor Nai-Chang Yeh at Caltech has active research programs
in the investigation of fundamental scientific issues associated with graphene, graphene-based

electronics, spintronics and topological insulators.
Additionally, the lab has forged close collaborations with other research groups (at Caltech, UCLA and

UC Riverside) specializing in theoretical simulations, materials development and fabrication of nano-
electronic devices. The affiliation of Professor Yeh with the Kavli Nanoscience Institute at Caltech
further also makes available state-of-the-art fabrication facilities for beyond Si-CMOS nano-electronic
research.

Faculty contact: Professor Nai-Chang Yeh, ncyeh@caltech.edu.
Related websites: http://www.its.caltech.edu/~yehgroup/ and http://kni.caltech.edw/.
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[3] Biophysics & Nano-biotechnology

Microelectronics and nanoscience are ushering in a new generation of tools for modern biological
research. These new approaches are beginning to provide unprecedented resolution of processes that
open up new perspectives for understanding biological complexity. At the heart of these exciting
recent advances are technologies that enable research at the level of single molecules and individual
cells, but with sufficiently high throughput to survey complex interactions that occur only in higher
hierarchies in biological organisms and populations. This research is highly interdisciplinary in nature
and is closely linked to Caltech’s nanoscience and nanotechnology efforts. Active areas of research at
Caltech in nano-biotechnology include: systems biology, systems neuroscience, single-molecule
biophysics, and nano-biotechnology for research and clinical applications.

For example, the Caltech Micromachining Laboratory led by Professor Tai exercises various MEMS
and micro/nano technologies to physically fabricate integrated devices, and the research emphases
include high-level system integration and hands-on fabrication of biochips, microfluidic chips, neural
implants and biomedical devices. Similarly, the research lab led by Professor Roukes develops
advanced nano-devices systematically for biomedical and life science applications.

Faculty Contacts: Professor Yu-Chong Tai, tai@mems.caltech.edu;

Professor Michael Roukes (also Co-Director, Kavli Nanoscience Institute), roukes@caltech.edu.
Related websites: http://mems.caltech.edw/; http://www.its.caltech.edu/~nano/, and

httn://kni.caltech.eduw/

[4] Energy Research
While much progress has been made in developing renewable energy technologies, one major goal

remains elusive: bringing these efforts to the terawatt scale necessary for sustainable energy to become
a viable replacement for carbon-based energy sources such as oil, coal and gas, which are limited in
supply, and contribute to carbon dioxide emissions. The ability to meet the global growing demand for
energy while protecting the planet's resources will require profound creativity, cutting-edge science,
and new technologies that arise from a number of different fields. At Caltech, a crucible for new ideas,
leaders in the fields of chemisfry, applied physics, materials sciencé, bioenginéering, aeronautics, .
mechanical engineering and genetics are working together on innovative approaches to capturing,

amplifving. storing and converting the planet's renewable energy supplies.
The Resnick Institute at Caltech strives to identify and address the most important outstanding

challenges and issues in the generation, storage, transmission, conversion and conservation of energy.
The Resnick Institute provides a unique opportunity to leverage core competences in the areas of
electrochemistry, biochemistry and materials, as developments in these areas converge to enable
groundbreaking energy technologies. There are also opportunities for collaboration with newly-
established research centers at Caltech, including energy-related micro- and nano-photonics research in
the Light Material Interactions Energy Frontier Research Center, and research on semiconductor
materials, heterogeneous catalysis, and photoelectrochemistry in the Joint Center for Artificial

Faculty contact: Professor Harry Atwater (also Director of the Resnick Institute)
(haa@caltech.edu).

Related websites: http://resnick.caltech.edu/ ; http://www.lmi.caltech.edu/ ;
http://solarfuelshub.org/ and http://daedalus.caltech.edw/.
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Argonne National Laboratory
2012 for Dragon Gate Program

Materials and Molecular Design and Discovery: 1. Design, synthesis and control of
materials for energy: organic photovoltaics, storage, low-power electronics including high-k
dielectrics, alkane oxidation, electrocatalysis; 2. In situ synthesis and characterization of bulk,
film and interfacial architectures; 3. materials prediction through adaptive algorithms and
multiscale modeling of nucleation and growth

Hard X-Ray Sciences: High energy x-rays have high impact in materials, biology, energy,
engineering, and technology through advancing hard x-ray science using in situ techniques to
explore real materials under real conditions in real time.

Point of Contact:

Norman D. Peterson, Assistant to the Director

Argonne National Lab., 9700South Cass Avenue, Bldg. 201
Argonne, IL 60439-4832

Tel: 1-630-252-7229 office

Fax: 1-630-252-7923

npeterson@anl.gov
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‘l'echnologies

Active areas of research are ultra-low voltage and ultra-low power RF interfaces and A/D converters; energy harvesting,
conditioning and storage for "Energy Harvesting Active Networked Tags"; capacitor based energy storage for renewable
energy sources such as photovoltaic or wind energy; multi-antenna RF systems; and pulsed RF communications for ultra-low
power wireless links in biomedical applications. The group currently has strong ties to several academic research groups,
companies and foundries in Taiwan.

(4) Multimedia
Computing and
Information

The multimedia research groups at Columbia University are leading the frontiers of research of next-generation search
engines for multimedia (including video, music, and speech), media content understanding, security, forensics, and
communication. The Digital Video and Multimedia Lab led by Chang conducts research on image retrieval, object
recognition, video event analysis, and media forensics, targeting at applications of broad impact such as Internet, surveillance,
biomedicine, and consumer. Many large-scale research testbeds and corpora have been developed and disseminated
worldwide. The group also plays a major role in developing international multimedia standards such as MPEG-7. The
Laboratory for the Recognition and Organization of Speech and Audio (LabROSA) led by Ellis conducts research into
automatic means of extracting information from various types of sound, including speech, music, and environmental sound.
The groups have led major research forums and maintain close collaboration with a large number of industrial and academic
institutions, including many from Taiwan. They have also established close ties with partners from other disciplines, such as J

(5) Nanoscience and
Nanotechnology

The Columbia Nanoscale Science and Engineering Center (NSEC) has been developing primary understanding of charge
transport in nanoscale systems since 2001. This Center has demonstrated an extremely effective program of interdisciplinary
research across the fields of chemistry, physics, electrical engineering, mechanical engineering, and applied physics and
beyond. The research program is built upon exploration of transport phenomena in single molecules, in carbon nanotubes
and in two dimensional systems. Through the scientific contributions of Profs. Philip Kim, Louis Brus, George Flynn, Tony
Heinz, Jim Hone, Richard Osgood, Aron Pinczuk, Ken Shepard, Horst Stormer and others, it has established a leadership
position internationally in the development and characterization of the fundamental properties of an exciting new material:
graphene. This research includes exploration of quantum interference phenomena in graphene-based devices.

Through collaborations amongst Prof. Tony Heinz, Prof. Louis Brus, Prof. Philip Kim, and Prof. James Hone the Columbia
NSEC has developed new spectroscopic techniques for characterizing carbon nanotubes and graphene and for understanding
the electronic structure and dynamics for these systems. The center is currently extensively exploring the properties and
opportunities for graphene including high frequency electronics, mechanics, and biological sensors. The Columbia
Nanocenter through Prof. Colin Nuckolls, Prof. Latha Venkataraman, Prof. Philip Kim, Prof. Ronald Breslow and others has
pioneered understanding of electron conductance phenomena in single molecules — work which is changing our
understanding of the role of molecules in transport and which is opening new opportunities for single molecule biological

sensing and detection.
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1 [#hERRIL Earth Science & Technology

9 Ham e Ao & FEREIRIEE Theoretical and Advanced Quantum-
related Science '

3 |EIFEESITERRFSE Synchrotron Radiation-related Sciences

4 (BRI T f2Biomedical Science and Engineering

5 |49F A4 Molecular and Cellular Biology

6 |&Yy%tE ka4 KB Biodiversity and Ecology

7 |FEERME Materials Science & Technology

3 REJRELEL Energy Technology [N &5 MK GREEE W Organic
Phototvoltaics included]

9 |BFEER Electronics and Telecommunication Technology

10 | SEsil e sl EFIEZE Ageing Society and Health Care

» ARSI - 0 ~ KESEEZE Cognitive Science, Mind,
Brain, and Education

L, [HEHEREmEE
Science education and digital learning

13 [FEREETRRREE:
Science Communication, Science Media Production

14 |BRERRASE East Asia Studies

5 [HEBRMREREEEE

Ethics, Legal & Social Issues
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. National Institute of Advanced Industrial Science and
B © BA * _ Technology (AIST)

National Institute for Materials Science (NIMS)

Tokyo University ﬁ%ﬁf%g%
Nagoya University
HHE 2 Yonsei University
Korea University
BN (7)  FRE 2 Juelich Research Center ggﬁlﬁf%ﬁ#ﬁg
Fraunhofer Institute for Solar Energy Systems (FhG-
_ISE)
YL 1 London School of Economics (LSE)
Tt 1 Ecole Polytechnique Fédérale de Lausanne (EPFL)
FhE 1 Aarhus University
BELHIF] 1 Universitdt Wien
EE 1 Université Paris Diderot
O 6 ?;?;f;):goizf;ach Institute International (SRI
Lawrence Berkeley National Laboratory, Betkeley
National Institute of Standards and Technology (NIST)
University of Califqrnia—Los Angeles - ﬁgﬁf %{]ﬁ%
Harvard University
Rice University
JIIEFN 1 Canadian Light Source
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