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The transfer of nano-science accomplishments into technology can only occur if we understand and overcome barriers to nanoscale manufacturing. The Center for High-rate Nanomanufacturing is developing tools and processes that will enable high-rate/high-volume bottom-up, directed, and precise assembly of nanoelements (such as carbon nanotubes, nanoparticles, etc.) and polymer nanostructures. The center conducts template guided and template-less directed assembly of nanoelements to conduct assembly and manufacturing of SWNT switches and interconnects.  The patterning of polymer blends offers an advantage over block copolymers for due to the wide range of commercially available materials, as well as the ability to form nonuniform patterns. Chemically functionalized surfaces were used to pattern polymer blends from solution.  Polystyrene/Polyacrylic acid (PS/PAA) blends were spin-coated onto a chemically functionalized surface (figure 1).  The polymer blends were patterned without annealing in a very rapid process.  
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In addition, using template assisted dip coating; SWNTs are directly assembled into pre-designed micro- and nanoscale PMMA channels forming densely packed SWNT lateral networks in diverse geometries. The assembled SWNTs become highly aligned as the width of trench decreases below 300 nm. I-V characterization of the assembled SWNT wires shows linear ohmic behavior.  The assembled SWNTs (80-5000nm in width) has been accomplished on four inch wafers where nanotubes wires extend over the length of the wafer (Figure 2). Nanowire assembled using template-less directed assembly using dielectrophoresis are also shown in Figure 3. 

We have also used template-less assembly to assemble SWNTs and nanoparticles to successfully manufacture integrated SWNTs and Au nanoparticles into 3D interconnects and other structures using dielectrophoresis (figure 4).  The center also designed and fabricated using directed assembly a non volatile bistable nano electromechanical switch with single wall carbon nanotubes as the actuation element (Figure 5). This switch would result in Latches, Flip-Flops, registers, etc., which are the backbone of a computer processor chip in addition to significant increase in the memory storage capacity compared to existing or other proposed memory devices.
The Center for High-rate Nanomanufacturing is leveraging current and future efforts in nanoscience and technology by bridging the gap between scientific research and the creation of commercial products by established and emerging industries, such as electronic, medical, and automotive. Long-standing ties with industry will [image: image3.wmf] 

also facilitate technology transfer. Over the past year, CHN has presented the technology, benefits, and societal impact of nanomanufacturing to a wide range of audiences.  
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During the 2005-2006, 14 course modules, one new course, and several events exposed about 680 undergraduate students to nanotechnology.  CHN’s three-University seminar was well attended, and NEU graduate students “enrolled” in courses associated with UML’s rapidly expanding Graduate Certificate in Nanotechnology.  With the Assistance of a REU Supplement Award, 26 undergraduate researchers, including 11 women and 8 underrepresented minorities, participated in CHN’s 2006 REU program.  Moreover, students from previous CHN undergraduate research programs are starting to enter graduate school.  Several K-12 teacher conferences, a week-long summer institute, a research experience for teachers (RET) program and several faculty presentations have exposed nearly 160 teachers to nanotechnology.  
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Teachers from the Summer Institute and RET program have implemented nanotechnology modules into their classrooms, and the participants in the RET program have been sharing their modules and implementation experiences with other teachers.  Over 2000 K-12 students have been exposed to nanotechnology through summer research experiences, extended day programs, presentations by CHN faculty, and tours of CHN facilities.  Finally, the joint program between CHN and the Museum of Science (MOS) has used 144 live presentations, eight cablecasts, nine Podcasts, and a YouTube experiment to educate the general public about nanomanufacturing; the audience for these programs was over 3,500,000 million people.  In addition, CHN researchers have been actively involved in NISE forums and MOS has provided training for REU participants.
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Figure 1.  Patterning of polymer blends (PS/PAA) using chemically functionalized surfaces (300nm lines of hydrophilic character spaced 800nm.





Figure 2. SEM images show diverse organized SWNT architectures fabricated using template guided fluidic assembly process. 





Figure 3. Gold particle nanowire formation  show the nanowires are oriented along the flow direction. 








Figure 4: FESEM image of SWNTs assembled between the top and bottom metal. (a) An optical micrograph of the microfabricated platform (b) A high angle frontal SEM image of the SWNTs assembled at 10 Vpp (c) A high resolution image of bundled SWNTs assembled at 5 Vpp. (d) Side view of the assembled SWNT architecture.





Figure 5. SEM image of the assembled Single wall carbon nanotubes on the proposed Nanoswitch design.





26 REU undergraduate researchers participated in CHN’s 2006 REU summer program.  





CHN and the Boston Museum of Science (MOS) has used 144 live presentations, eight cablecasts,





GECKOMAN! A Video Game for Middle School Students
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