PROPOSAL NO.: 0210739 
PANEL SUMMARY:
This is a very ambitious and high-risk research effort by a very highly qualified team of researchers. From an interdisciplinary point of view, the team is a bit narrow and involvement of other researchers with a material and/or chemical engineering background would be benificial. Even the realization of  two-dimensional motion of  thermally activated nanoscale MEMS would be quite an achievement. The authors mention that the 3D submicron/nanoscale MEMS could be used for wafer cleaning and surface self-assembly but do not provide enough details on how this would be done. Also, the use of laser spot within the submicron domain is an issue which needs more careful investigation. It may be difficult because of diffraction effects to actually focus the beam on a nanoscale range. 
The development of tools such as the nanomanipulator, the combination SEM/AFM system and the combination SEM/AFM system are very important. The involvment of K12 students in remote control of the nanomanipulator is quite innovative. 
In summary, the proposal is quite innovative and fairly high-risk. It could have several applications ranging from nanorobotics, bio-MEMS, and nano-circuitry. The authors are highly qualified to conduct the tasks. Because of the issues regarding the laser spot size and the fairly narrow areas of expertise of the personnel involved, the panel gave this proposal a highly-competitive ranking (in the minus category). One panel member thought that several important issues had not been addressed like the problem of electrostatic and adhesion issues and that a more thorough engineering/engineering science development plan was needed, especially because the issues raised in this proposal have not yet been solved in the microworld. This panel member felt that the authors had not made a strong case why there approach would be better than simply moving obejcts with AFM tips which can be performed on nanoscale objects.
PANEL RECOMMENDATION: Highly Competitive

PROPOSAL NO.: 0210739
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TITLE: Thermally Actuated Mobile Structures 
RATING:Excellent 
REVIEW:
What is the intellectual merit of the proposed activity? 

This proposal aims to design, model and build nanoscale MEMS/ TAMS devices that can be thermally activated and can move in 2-D and 3-D.  Photo and electron beam lithography will be used. Si, SiN, Polyimide and metals Cr,Al, Au characterization will include, thermal/optical excitation within SEM including time resolved thermodynamics. Previous work already performed in the laboratory and strong publication record of P.I"s in the directly applicable areas lends strong support to the intellectual merit of the proposal. The project is well thoughtout and the group is well co-ordinated in that every investigator fills an important need.  All investigators have an excellent track record. Group members have collaborated before. 

What are the broader impacts of the proposed activity? 
Development of nanoscale tools that can manipulate, place or remove objects will have a wide range of applications including electronics and (Chip fabrication), biology and medicine. 

Summary Statement 
This is an ambitious project, specially in its aim for developing nano tools for moving objects in 3-D. However, it is well planned and considering the track record of the P.I".s is worth funding. 
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What is the intellectual merit of the proposed activity? 
The proposal is to design silicon based mechanical structures. The structures can move in 2D or 3D and thermally actuated. The collaborating scientists propose to fabricate specific shapes and improve the performance by injecting shape memory alloy film into the small structure. They are proposing to enhance the mobility using thermomechanical behavior of shape memory alloy materials. The project incorporates a nanomanipulator, a combination SEM/AFM system and a combination TEM/manipulation system for experiments. They also propose to study thermoactuation of nanotubes and nanorods.  The proposed project is based on preliminary understanding already acquired in the laboratories of the collaborating investigators. They have made several prototype silicon based mechanical features already. 

What are the broader impacts of the proposed activity? 
The proposed project is highly innovative and is based on preliminary understanding already acquired in the laboratories of the collaborating investigators. Their theory efforts are well integrated. There is good probability that the investigators will achieve their stated goal of demonstrating the mobility of the thermally actuated mechanical structures. Although the proposal addresses that the mechanical structure may have a role in wafer cleaning and surface self-assembly, the proposal does not directly address the detailed potential impacts or any specific application areas. 

Summary Statement 

The PI and Co-Investigators appear to be highly qualified to do the proposal work. The proposed project is highly innovative. This is a proposal to develop a small-scale mobile structure, primarily based upon photo or electron beam lithography. They propose to use the optical means (laser) to actuate and control the motion. One concern is the feasibility of using the light spot for controlling the small structure. It would be very hard to achieve nanometer scale laser spot. In addition, the proposal does not provide specific application areas. These facts aside, the investigators do have some unique areas that they can provide a contribution to. 
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What is the intellectual merit of the proposed activity? 

This proposal basically describes a joint effort to fabricate MEMS from the micron to nanoscale regime. It is an effort of well qualified scientists and engineers whose areas of expertise range from physics, materials science, and mechanical engineering. The investigators have a long track record of funding from NSF and other agencies in areas relevant to the proposed research effort. The idea of using optically beams to control thermal effects in MEMS ranging from submicron down to the nanoscale range is indeed very high-risk. The investigators have design a plan of attack which is well conceived and will focus in demonstrating their claim on simple structures in the shape of triangles or on simple structures with legs. One important innovation of the program is that the structures will actually be free to move in 3D across the substrates. This could actually have potential applications in biology and medicine, even though the proposal is silent on that potential outreach of their research. It would actually be nice to see the potential application of their technique in the booming field of Bio-MEMS. Some very interesting features of their research program is the development of the nanomanipulator, the combination SEM/AFM system and the combination TEM/manipulation system. This nearly amount in a bunch of little "Maxwell demons" moving across the substrates. This types of tools could actually have a profound impact on the realization of nano-circuitry in future VLSI design where the circuit designers will have to be able to place molecular connections (in the form of nanotubes and molecular wires) at very specific places across a substrates. 

The study of "nano-thermocouples" on page 8 making use of carbon nanotubes covered with different materials could also have a profound impact on the study of single or arrays of nanotubes for field emission applications. 

I found that the portion of the proposal where K12 students were actually allowed to remote control the nanomanipulator to perform some AFM measurements simply groundbreaking. At a time where it is very difficult to recruit electrical engineering students, a project which seem to blend computer and electrical engineering skills can only be beneficial to the future of the profession and the well being of the electronic industry in the States which will still need electrical engineers in the future! 

One point of concern is that nowhere in the proposal was mentioned the problem of noise in those nanoscale MEMS. For instance, Capasso and coworkers have received a lot of attention for showing recently the importance of the Casimir effect for in the operation of submicron MEMS. Others have shown that cold cathodes made of carbon nanotube arrays may lead to substantial shot noise in the field emission of these cathodes. Also, the use of optical beams (say in the optical range) is bound to affect a large number of the nanoscale TAMS (thermally actuated mobile structures). 

What are the broader impacts of the proposed activity? From an educational perspective, the interaction of graduate students with MCNC will also provide them with a good training to make the transition to an industrial environment. The investigators have also a long track record in training and attracting minority students into their research effort. This program proposes to extend those efforts even further. 


Summary Statement 
Since the research could have a potential impact on the applications of nanoscale MEMS in various areas (biology, nanocircuitry, nanorobotics, germ and biological warfare), this proposal definitive meets the criteria for high pay-offs. The investigators will be developing a bunch of tools which could be of great asset in the development of nanotechnology and the impact of such tools could be quite substantial and beyond the realm of the present study. Their educational efforts and outreach program is one of the most innovative in the bunch of proposals I have read for this round of NSF funding. I would therefore give this proposal an Excellent rating. 
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REVIEW:
What is the intellectual merit of the proposed activity? 

Strengths: 
The overall goal of nano machines is attractive, if nothing else from a PR perspective. 

Weaknesses: 
On a fundamental level, no detailed modeling is described for how surface adhesions forces will affect the efficiency of the thermal actuation methods.  The claim that these machines can wander ofver a surface and repair or manipulate devices is science fiction.  Such devices have not even been able to be constructed on the microworld.  Why are such devices needed as opposed to the use of conventional AFM, laser tweezers, or e-beam and ion beam devices for trimming of circuits?  No real competitive review of other methods is made.  Blanket statements of "Discover magazine neato stuff" are made, and this really detracts from what could be a good proposal; because fundementally the PIs are still looking to control the nanobots by external application of lasers (why not use the lasers directly on manipulating "stuff" instead of via nanobots? 

For example, the plan for differential control of the thermal actuators is poor.  It would be better to focus on the creation of individual legs with individual optical filters formed on them, so tight beam spot control is not needed to actuate, rather different wavelengths control different legs. 

Discussion emphasizes actuators and 2D motion, and a simple claim of 3D motion, but no detail was provided on how to go to 3D, or does 3D even exist or matter in the nanoworld?  How will objects be gripped (manipulated)?  What objects will be gripped?  How will they be let go?  How will the essentially 2D motion of the legs actually be able to climb over obstacles?  Furthermore, electrostatic and adhesion issues may make all objects seem to be coated with "glue" (sticky fingers). 

A much more carefully thought out engineering/engineering science development plan needs to be created.  Emphasis should be on identifiying the fundamental issues (some noted above) and the associated physics.  Then experiments designed to answer these questions.  Only then after lots of questions have been asked and answered are the PIs justified in making claims that they could create 3D motion "free range" nanobots. 

What are the broader impacts of the proposed activity? 
If Nanobots really could be created, they might be useful 

Summary Statement 
Blue-sky neat idea that many have talked about, but very lacking in detail and breadth. 
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REVIEW:
What is the intellectual merit of the proposed activity? 
The proposed project is designed to demonstrate, model and design mobile system. The proposed work will try to answer the questions (1) how does the scaling down to nanoscale structures affect the tradoffs between thermal management, stiction, optical excitation,forcve generation and mechanical reposnse time? (2) what are the design considerations for mobility in complex versus simple shapes? Since the control of mobile structures at the nanoscale will provide us with new opportunities for control of the molecular scale world, the research project proposed here has a very good technical merit.  The members of the team are very well qualified for conducting the prposed work. The education program integrated with the NIRT project has a very solid cvonrent. 

What are the broader impacts of the proposed activity? 
This project stands at the crossing between the micro-domanin and the nano-domain. Study of material properties and the scalling of thermal, mechanical resonance, surface forces and friction interactions, the control and actuation of independently mobile structures will significantly enhance our understanding of thermally actuated mobile structures. 

Summary Statement 
I would give this proposal a rate of  very good? 

