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Introduction

The goal of this project is to create nanocircuits by self assembly of circuit templates in solution followed by chemically directed surface placement and metallization of circuit templates and active elements.  To accomplish this goal, an interdisciplinary research group, ASCENT (ASsembled nanoCircuit Elements by Nucleic acid Templating), has been formed at Brigham Young University.  Research efforts have been focused on the development and refinement of four key technologies:  (1) solution-phase assembly of structures and templates, (2) high-resolution chemical surface patterning, (3) high-precision metallization of molecular templates, and (4) chemically-directed assembly and integration of nanostructures on surfaces as described below.   

[image: image1.png]Figure 3: AFM (left) and optical (right) images verifying chemical functionality.
The rings around the boxes in the right image are optical artifacts due to focus
and saturation of the camera.




DNA Circuit Templates
We are assembling DNA into designed structures for nanoelectronic circuit templates. We use DNA origami1 to fold molecules into predetermined shapes by means of many short, complementary “staple” strands that hybridize to a longer, single-stranded “scaffold” piece of DNA and hold it in a designed structure. After being assembled in solution, the molecular templates will be chemically directed into place on a surface and metallized. 

We have carried out initial DNA origami work to design an 11 nm X 64 nm rectangular motif (Figure 1a). We have assembled these DNA nanostructures and characterized them by atomic force microscopy (AFM), as indicated in Figure 1b. We are presently focusing on methods for high-yield scaffold strand generation, and the extension to more sophisticated DNA origami designs. 

High-resolution Chemical Surface Patterning
Nanoscale chemical surface patterning is needed both as a path for nanowire plating and as an anchor for the placement of DNA templates.  We are exploring several different methods of chemically patterning the surface including polymer nanografting, chemomechanical patterning and self assembled layers.  In polymer nanografting a positively-charged polymer is attached by electrostatic interactions to a silane monolayer on an oxide surface. We then use an AFM tip (NSC12/Pt50/AlBS, Mikromasch) to scribe off the original polymer (see Figure 2), and deposit a fluorescently-tagged polymer on the surface. With this technique, we were able to generate box and line patterns in the positively-charged polymer, the smallest lines having a half-pitch of 12nm (Figure 3). 
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Figure 3. (a) Tapping-mode AFM height image (left) and fluorescence micrograph (right) of a five dot pattern. The faint rings around the dots in the optical image are imaging artifacts; (b) Tapping-mode image of scribed lines with half-pitch of 12nm.
A similar procedure has been used to pattern an aminopropyltriethoxysilane (APTES) monolayer by depositing polystyrenesolfonate (PSS) on the monolayer and then nanoshaving with AFM.  The resulting lines were metalized with copper via electroless plating.   
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Figure 1: A basic oveniew of our method. We use the AFM tip to mechanically scribe off a
polymer. and apply a new polymer to the surface to fil in the scribed regions





Self-assembled gold nanodots have also been formed as possible anchors for molecular circuits.  A poly(styrene-b-2-vinylpyridine) block copolymer in toluene forms micelles which preferentially adsorb a gold salt when it is added to the solution.3  A monolayer of the loaded micelles is then deposited in a hexagonal array on a clean oxide surface by dip coating.  A subsequent oxygen etch removes the polymer and leaves bare gold nanoparticles on the substrate (Figure 4).  A procedure for chemical functionalization of the gold nanodots is being developed to facilitate alignment and placement of the molecular circuit templates.  
Metallization

Our aim in this area is to provide selective, continuous metallization of DNA templates for the formation of nanoelectronic devices and connection of those devices to other circuit elements.  Both wet electroless plating and vapor phase deposition has been examined.  The electroless plating chemistry that produced the best results was a silver chemistry that was adapted from the literature.2  Figure 5 shows highly selective plating that is nearly continuous.  Efforts are underway to understand the influence of plating variables such as bath composition, temperature, and additives on the selectivity and continuity of the deposits.  Experiments with additives for palladium plating have examined the effect of mercaptopropane-sulfonic acid (MPS), propanedisulfonic acid (PDS) and sulfanilic acid (SA).  Plated samples that had been treated with these additives were analyzed with XPS to determine if there was acceleration of metallization on the surface. Initial results are encouraging and show that the use of accelerating additives may provide a means of improving continuity. The most effective additive to date for Pd plating was SA.   
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We are also exploring gas-phase DNA metallization as an alternative method for improving selectivity. Our approach involves exposure of aligned DNA on surfaces to organometallic compound vapor at elevated temperatures. AFM data showed selective metal deposition on DNA strands for a model Ni(acac)2 system, as illustrated in Figure 6. Future work will entail optimization of the metallization process through improved control of temperature and the generation of organometallic compound vapor.

Directed Assembly and Integration of Nanostructures on Surfaces


Efforts in the area of assembly and integration have been focused on carbon nanotube alignment and selective placement in nanowire gaps.  E-beam patterned structures have been used for the work to date, although smaller metallized molecular circuit templates will eventually be used.  After separation, semiconducting nanotubes are placed in the narrow gaps by dielectrophoresis (Figure 7).   The process has been optimized to the point that we have been able to deposit one or two nanotubes per gap simultaneously for multiple structures.  
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Figure 7. Carbon nanotubes placed between two electrodes by dielectrophoresis.
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Figure 6. AFM images of DNA deposited on a silicon surface and exposed to Ni(acac)2 for 5 min at 180 ºC; height scale is 10 nm.





Figure 1. (a) DNA origami model showing individual pieces of DNA as different colors. (b) AFM image of the assembled DNA origami in (a); height scale is 4 nm.
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Figure 2. Polymer nanografting.
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Figure 4.  Gold nanodots formed from a self-assembled micelle array.








Figure 5: AFM height image of silver nanowires formed on DNA templates.








