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www.ifest.info
“The World is Waiting… Are You Ready?”
1st US-Japan International Innovation Camp

Want to help change the world?  Join us at Stanford in California in 2009 for a pioneering international summer experience filled with friends, lab learning, innovation, creativity, entrepreneurship, and excitement!

The International Foundation for Entrepreneurship, Science, and Technology (iFEST), in collaboration with partners at the Japanese University Network in the Bay Area (JUNBA) and Stanford University, is pleased to encourage applications for the 1st US-Japan International Innovation Camp to be held at Stanford in Palo Alto, California.  The US-Japan International Innovation Camp is designed for gifted undergraduate and the 1st year Master course of science and engineering students and their mentors from the US and Japan to work together during September 1-22, 2009.
Eligibility Statement:  Undergraduate and M1 students from the US and Japan who wish to apply for the International Innovation Camp will have pre-qualified abilities and demonstrated interests in science and engineering.  We are looking for students with experience in pursuing sophisticated technical research and development projects, either as part of a school project or as part of a well known science and engineering competition at the regional or national level.  Students will be competitively selected from their countries, representing the brightest and most creative college students of each nation.
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Nominations and Selection Statement:  Selections will be made based on demonstrated understanding and capabilities in physics, chemistry, biology, the engineering disciplines (including electrical, mechanical, materials), computer programming, robotics, information sciences, and other relevant fields.  Students must be able to show fluency in speaking, reading, and writing in the English language.  Students should have significant undergraduate research experience or other independent technical project experience to draw upon, and should enjoy working in teams and applying their capabilities toward real world problem solving.  Experience working with advanced lab equipment may be required, and some training will be offered online and at Stanford facilities.  Other necessary capabilities for some labs include skills and experience with Computer Aided Design tools, such as Unigraphics, Pro/ENGINEER, Solidworks, AutoCad, CATIA V5, Autodesk Inventor, other digital product development tools, programming languages such as MATLAB, UNIX-like languages/LINUX, Fortran, C++, Ruby (RoR), Object-Oriented Analysis and Design (OOAD) and Model-Driven Architecture (MDA), and Architecture Description Languages (ADLs).  Some work may require experience in solid state physics, macromolecular characterization, modeling, bioengineering, biochemistry, chemical engineering, and analytical chemistry.
Participation Statement:  Students who are selected will receive a fully paid scholarship to participate in the International Innovation Camp, less individual travel and passport application expenses.  For students from Japan, if necessary we will provide letters of invitation for use to apply for a visa.  There are no fees - - basic lodging, food, and local travel costs will be covered.  Nominations will be open to all enrolled undergraduate students of technical subjects, with a submission deadline on or before April 30, 2009, and notifications before late-May, 2009.  Alternates will be notified, as well, in case there are problems with some students who are selected.  All students and mentors will be required to sign a legally binding waiver indemnifying both Stanford and iFEST, per standard practice for allowing research experiences for undergraduate students on university campuses.  There will be extensive communications and opportunities for team building and preliminary collaborations in the weeks prior to travel to the Camp at Stanford in early September, 2009.

Description of Hosting Labs at Stanford University:  We are pleased to work with the following labs and professors who have opened their labs to make their unique science and engineering facilities available as host labs for the teams of students and their mentors.
1. Shape Deposition Manufacturing Laboratory, Department of Mechanical Engineering, Stanford University
Professor Mark R. Cutkosky, Co-Director of Center for Design Research

http://bdml.stanford.edu/overview.html 

Student Prerequisites: Basic lab safety procederes, CAD experience

In his lab, Prof. Cutkosky applies analyses, simulations, and experiments to the design and control of robotic hands, tactile sensors, and force-feedback devices for human/computer interaction.  In manufacturing, his work focuses on design tools for rapid prototyping.  Recent applications of this work include small, bio-inspired and bio-mimetic robots with embedded sensors, actuators, and controllers. 
Shape Deposition Manufacturing (SDM) is a developing Rapid Prototyping technology in which mechanisms are simultaneously fabricated and assembled.  As shown in the figure below, the basic SDM cycle consists of alternate deposition and shaping (in this case, machining) of layers of part material and sacrificial support material.
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This cycle of material deposition and removal results in three key features: 
1. Building parts in incremental layers allows us complete access to the internal geometry of any mechanism. 

2. This access allows us to embed actuators, sensors and other pre-fabricated functional components inside the structure. 

3. By varying the materials used in the deposition process, we can spatially vary the material properties of the mechanism itself.  

The resulting mechanisms can have almost arbitrary geometry, embedded actuators and sensors and locally-varying stiffness properties, making them more robust and simpler to control.  SDM is the fabrication method of choice for creating multi-material robotic appendages and feet with embedded sensors, actuators, and specialized structures for movement, including climbing walls and windows.

The use of this technology in Dr. Cutkosky’s Lab presents interesting opportunities for the select US and Japanese students.  The students will learn about SDM using polymeric materials, using the Unigraphics program, the basics of setting up a part in Solidworks, importing into Unigraphics or Pro/E, and creating a planar mill operation, working on the Haas CNC machine tool system, including downloading toolpaths, planing blocks, how to deal with waste products, and other interrelated elements in SDM.

The process is multidisciplinary in nature and requires the ability to be creative, use the latest mechanical engineering tools, advanced software programs, manufacturing design principles, and the use of analytical problem solving to obtain practical solutions.  Specifically, the students will build on their CAD design experience, taking the project through automated tool planning to prototype manufacturing.  The students will be working at the cutting edge of mechanical engineering to design and build a robot that can climb a vertical surface like a gecko.  For the recent interesting media about Dr. Cutkosky’s lab SDM work on robotics, please see http://bdml.stanford.edu/RiSE/Downloads/index.html, including links to articles in Time http://www.time.com/time/2006/techguide/bestinventions/inventions/toys2.html, and National Geographic http://ngm.nationalgeographic.com/2008/04/biomimetics/tom-mueller-text.  An interesting ABC news story complete with video can be found at http://abcnews.go.com/GMA/WaterCooler/story?id=4522405&page=1
2.   Zhenan Bao Research Laboratory, Department of Chemical Engineering, Stanford University
Professor Zhenan Bao

http://baogroup.stanford.edu
Student Prerequisites: Basic laboratory safety procedures, basic knowledge of chemistry and physics
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In the semiconductor industry, the drive for ever smaller electronic components is persistent.  As feature size approaches the nanometer scale, new obstacles arise due to inherent physical limitations of the materials used and resolution limits of the processing techniques employed.  Whereas the current fabrication routes for nanometer-scale components are top-down techniques, bottom-up assembly holds great promise for creating well-defined nanostructures.  Bottom-up techniques employ materials that self-assemble due to intra- and inter-molecular interactions as well as interactions with the local environment.  Chief among these self-assembling materials are block-copolymers (BCP).  BCPs have already been used to generate silicon nanocrystals for FLASH memory and insulating barriers in the global interconnects of integrated circuits.  Creating nanostructures from self-assembled materials is advantageous in that the structures produced are highly uniform and reproducible and require very little outside input.  Additionally, the final dimensions of the nanostructures are encoded in the molecular structure of the BCP.  Hence, the size and types of structures possible are limited only by BCP synthesis.

In Professor Bao’s lab, we are exploring the self-assembly of large BCPs (Mw > 200,000) for applications in surface science.  While our study is application-oriented, we are also interested in gaining a fundamental understanding of the self-assembly behavior of these materials.  We want to build up experimental intuition that will allow us to predict what type of behavior to expect from BCPs knowing only their molecular weight and the proposed processing conditions. 
Students working on this project will examine the self-assembly behavior of a library of commercially available BCPs using a variety of techniques including dynamic light scattering (DLS), atomic force microscopy (AFM) and scanning electron microscopy (SEM).  These data will be compared with current theoretical models for BCPs to see if scaling laws developed for smaller BCPs can be extended to describe the behavior of much larger BCPs.  The team will use these BCPs to create ordered arrays of nanoparticles of a variety of materials.

This project will introduce US and Japanese students to advanced research and chemical engineering at the nanoscale and the tools used to explore this exciting realm.  The students will be trained to use state of the art capabilities in the lab and document the resulting arrays and their applications in the real world, with guidance and coaching from the Lab Supervisor and their team mentor.  The documentation and thinking by the team about applications will be presented and demonstrated, if possible, and may suggest future avenues for development.
3.   Microfluidics Lab, Department of Mechanical Engineering, Stanford University

Professor Juan G. Santiago
http://microfluidics.stanford.edu/index.html
Student prerequisites:  Basic laboratory safety procedures, CAD experience (Solidworks, AutoCAD), basic fluid mechanics knowledge
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Although much attention has been paid to micron- or nanometer-scale fluidic devices for research applications, we believe that millimeter-scale fluidic devices offer significant advantages in many practical applications.  Millimeter scale fluidics, or “minifluidics”, offers an opportunity to utilize a wide range of material choices and inexpensive fabrication, and offers robust operation, and accurate and repeatable performance.  In the field of biological and chemical analyses minifluidics offer significant cost savings and efficiency over more traditional (e.g., centimeter scale) processes such as pipetting, robotic dispension of liquids, and other milliliter scale devices.    Prof. Santiago’s lab will introduce the US and Japanese students to minifluidics design and construction of millimeter scale fluidics devices for bioapplications.
The team will explore this “meso” fluidic dimension in the areas of drug delivery, chemical assays, and bioassays.  Our lab has strong experience in developing micro and millimeter scale fluidic devices ranging from electroosmotic pumps for fuel cells, to miniaturized drug delivery systems, to systems for circuit cooling, DNA analysis, biomolecule purification and analysis, and chemical sensing.  Examples of our devices are shown in the figures below. 
American and Japanese students working on this project will examine the principles of millimeter-scale fluidic devices, including valves and peristaltic pumps.  The main mode of actuation we will use will be shape memory alloy (SMA) wires.  When heated, these wires contract a few percent of their length with very high force: a 25-micron diameter wire can lift 7 grams.  The students will undertake one of two projects working in two-person teams.  The first team will miniaturize an existing pump design from 10 mm to 3 mm with the longer-term goal of making it easily implantable into mice, and making this pump a valuable tool to facilitate drug effects research.  The second team will design and demonstrate a novel valving method.  The students will prototype the devices using rapid prototyping techniques, including stereolithography and laser ablation and evaluate device performance using state of the art equipment in the microfluidics lab.  With the guidance and coaching of Dr. Santiago, his Lab Supervisor, and the team mentor, the students will have the opportunity to increase their knowledge of minifluidic device design and realization.

The multidisciplinary work involved in the lab will allow the students to develop demonstrable work that the team will be able to build a final presentation around, with an eye toward future research and application.  The practical nature of these applications may also be suitable for developing new commercially relevant tools and/or approaches in a variety of markets.  As part of the real-world hands-on dimension of their lab work, the team will be encouraged to pursue promising avenues for further experimentation, testing, and development.
Recommended reading for the students will include: 

1. D. J. Laser & J. G. Santiago, A review of micropumps, J. Micromech. Microeng. 14 (2004) R35–R64

2. A. Nisar et al. MEMS-based micropumps in drug delivery and biomedical applications, Sensors and Actuators B 130 (2008) 917-942

3. A. Bertsch et al. Microstereolithography: a Review, Mat. Res. Soc. Symp. Proc. 758 (2003) 3-15

4. K. Grzegorz, Shape memory alloy - modern smart material for various applications, Komunikacie 6.1 (2004), 10-14 

5. Dynalloy Technical Manual (can be found at: www.dynalloy.com/docs/TCF1140RevD.pdf)
4.   The Center on Interfacial Engineering in Microelectromechanical Systems (CIEMS), Department of Electrical 
Engineering, Stanford University

Professor Roger T. Howe

http://ciems.stanford.edu/ 

Student prerequisites:  Basic laboratory safety procedures, basic electrical engineering and physics knowledge
The Center on Interfacial Engineering in Microelectromechanical Systems (CIEMS) is advancing the surface-science and engineering of microstructural materials, coatings, and processes to enhance the capabilities and performance of micro and nanoelectromechanical systems, through interdisciplinary, collaborative research projects at Stanford University, the University of California, Berkeley, and Iowa State University.  Faculty researchers in CIEMS at Stanford are led by Prof. Roger T. Howe, Principal Investigator, and include other researchers in many departments at the three participating universities.  CIEMS is a Fundamental Science and Technology Center, supported by the DARPA Microsystems Technology Office, Dr. Dennis L. Polla, Program Manager, and several leading companies in microsystems technologies, including Agilent, Boeing, Bosch, Hewlett-Packard, Intel, Qualcomm, and Seiko Epson.

A well-known outcome of scaling into the micro and nanometer dimensions is the dominance of surface over bulk phenomena in determining electronic, mechanical, and electromechanical behavior.  The existing knowledge base is on surface phenomena is concentrated on narrow material combinations in specific packaging environments.  The incomplete knowledge about MEMS surfaces and their role in determining fracture and fatigue mechanisms has resulted in designers adopting “rules of thumb” which ensure large safety margins.  Such conservative designs result in lower sensitivities for devices that depend on the absolute amplitude of motion, such as vibratory rate gyroscopes, and limit the range of microactuators in applications such as micro-optical scanners.  The expansion of MEMS into new applications, especially those involving contact or exposure to harsh environments, has been hamstrung by the lack of basic understanding of structural surfaces, surface coatings, and microencapsulation processes and how they impact the performance of MEMS.
Specifically, work in the field of Micro- and Nano- Electromechanical Systems (M/NEMS), requires improved capabilities, knowledge, and tools.  The use of the encapsulated microshell environment as the benchmark for characterizing surface-related phenomena requires new MEMS test structures that can be actuated and interrogated inside the microshell.  Actuators must be designed that are compatible with the design rules for the sealed cavity; in addition removal of the microshell without damaging the underlying device will be necessary to resolve some surface phenomenon. Fatigue and especially fracture test structures will prove more challenging to implement inside the microshell, due to the high-force actuators required.  Since the microshell maintains its integrity at high temperatures, accelerated life testing procedures for key MEMS failure modes will be investigated by the US and Japanese students working under supervision and the coaching of at least one mentor.
The team working in Prof. Howe’s lab will have the chance to explore tools and technologies that merge electronics and mechanical structures using the Stanford Nanofabrication Facility (SNF).  Working together the students will explore designing emerging foundry processes that offer co-fabricated MEMS and Complementary Metal-oxide Semiconductors.  This work is concentrated on understanding, controlling, and exploiting the control of surface and interface phenomena to enable new applications in nanophotonics for energy conversion, sensing, and signal processing, as well as nano-electromechanical logic and memory devices.  The team may also explore working on R&D activities in the biomedical applications of M/NEMS.  The team’s documentation, thinking, and work relating to applications will be presented and demonstrated, if possible, suggesting future avenues for development.
About iFEST
iFEST exists to advance global entrepreneurship in the sciences, engineering, and medicine by bringing together young entrepreneurs and mentors around the world.  To this end, we empower talented technology students from the US and overseas with the international experience, labs, teamwork skills, contacts, and knowledge they need to pursue their dreams and achieve their entrepreneurial goals in the global marketplace.  Our focus is on global problem solving.  More information can be found at www.ifest.info. 

About Stanford University
Located in the heart of the Silicon Valley region of northern California, Stanford University is recognized as one of the world's leading research and teaching institutions.  Leland and Jane Stanford founded the University to "promote the public welfare by exercising an influence on behalf of humanity and civilization."  Stanford opened its doors in 1891, to prepare students “for personal success and direct usefulness in life” and “promote the public welfare by exercising an influence on behalf of humanity and civilization.”  More than a century later, Stanford remains dedicated to finding solutions to the great challenges of the day and to preparing our students for leadership in today’s complex world.  Stanford believes that collaboration across disciplines will be key to future advances, and multidisciplinary research and teaching are at the heart of these new initiatives.  Undergraduate student learning is an important part of these efforts.  More information about Stanford can be found on the web at www.stanford.edu.
a) � HYPERLINK "http://domino.research.ibm.com/comm/research_projects.nsf/pages/selfassembly.nxtalFLASH.html" ��http://domino.research.ibm.com/comm/research_projects.nsf/pages/selfassembly.nxtalFLASH.html� 


b) � HYPERLINK "http://www-03.ibm.com/press/us/en/presskit/21463.wss" ��http://www-03.ibm.com/press/us/en/presskit/21463.wss� and � HYPERLINK "http://ecsmeet2.peerx-press.org/ms_files/ecsmeet2/2008/05/30/00003980/00/3980_0_art_1_k1pjzj.pdf" ��http://ecsmeet2.peerx-press.org/ms_files/ecsmeet2/2008/05/30/00003980/00/3980_0_art_1_k1pjzj.pdf�.





Figure 1. Examples of BCP-based technologies. a) TEM image of silicon nanocrystals templated by BCPs. b) False color SEM of sectioned IC including airgaps between global interconnects.
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Figure 2. a) AFM height image of TiO2 nanoparticles templated by BCPs. Height scale is in nm. b) Corresponding SEM image of patterned TiO2 nanoparticles.








Left: Electroosmotic pump for water removal in fuel cells. Center: Electroosmotic pump for drug delivery. Right: Shape memory alloy-actuated peristaltic pump.
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