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Microelectrodes are used in two major fashions: sensing and stimulating. Sensing electrodes are used to sense electrical currents in nerves, in muscles, and in neural network conduction. Stimulating electrodes are used to stimulate nerves and muscles through the use of electrical currents. 

In the Martin Lab, diamond is used as the interface between the body and the electrode. Diamond is biologically inert, and conducts electricity with a low resistance. In order to make these electrodes, nanoparticle diamond is grown onto a substrate which, in my case, is quartz capillary. Quartz is an excellent, reproducible insulator. Growing diamond on any size capillary is now doable. However, making these capillaries into conductive electrodes is more challenging. 

At a 30 μm internal diameter, a wire can be threaded down the electrode, and left poking out of the tip of the capillary. From there, the diamond can be grown around the wire and onto the tip of the electrode. However, there is currently a need for a sensing electrode on the scale of a 1-3 μm internal diameter. At that scale, there is no easy way to thread a wire down the capillary. Past researchers have tried a number of potential solutions to this problem, none of which have been successful to this point. Different researchers tried filling the capillary with a conductive solution after diamond growth, but the conductive solution never reached the tip. A different researcher tried plating the inside of the capillary with both tungsten inks and platinum inks, neither of which worked due to the nanoparticles in the ink being too large to reach tip. Electroless plating of copper was unsuccessful, as copper never created a continuous, conductive coating all the way down to the tip. Sublimation of tungsten metal was attempted, but was found to not plate anything. Finally, deposition and subsequent breakdown of tungsten oxide was investigated, but it was found that tungsten oxide broke down at too high of a temperature. 

So what did we do from here? More research of course! It was found that tungsten hexacarbonyl (W(CO)6) broke down and deposited tungsten metal at comparatively low temperatures, low enough that a reactor could be designed to deposit tungsten metal on the inside of a pre-pulled capillary.  In order for this deposition to occur, we had to build and custom design a reactor specifically for this procedure. At first, we knew only that a heater and a reservoir for tungsten hexacarbonyl were necessary. As experiments were run, it was found that back pressure was needed against the capillary during shut down and repressurization of the reactor. As such, a T was added so that nitrogen could flow into the carrier gas line. Ultimately, the reactor we built had everything as shown in figure 1. 
Once tungsten deposition began in earnest, more research was done. The deposition of tungsten hexacarbonyl follows the following formula: 
W(CO)6 (v) + H2 (g) + Heat ( 80% W(s) + 15% C(s) + 5%O (s) + unreported gas by-products
By using this formula, we were able to create what appears to be a conformal film of tungsten metal. See figures 2-3 for images of tungsten film.  Figure 2 shows tungsten deposited on the exterior, with flakes of something in the middle. It is suspected that the flakes in the middle are unreacted tungsten hexacarbonyl, the primary substrate in the reaction. Figure 3 shows the filament of the capillary, covered in tungsten. This indicates that the tungsten deposition process was successful in lining the capillary with tungsten. All of the images were taken on an Environmental Scanning Electron Microscope (ESEM). 

Once tungsten deposition was successful, diamond growth became the next goal. Because no capillaries under 1 μm OD were successfully lined with tungsten, growing diamond to seal the tip and making an electrode of the desired size was impossible. However, making one with an OD of 3-4 μm was successful. Figure 4 was taken after the first diamond growth. As can be seen, diamond was successfully grown on the tungsten (with some overgrowth), and also sealed the tip of the capillary. 

The question now is where to take this project. More diamond growths and more tungsten depositions are necessary in order to perform experiments with the electrodes. Numerous modifications can be made to the reactor in order to improve the deposition procedure. In particular, the heat source should be changed to a tungsten coil as opposed to a sputtering gun supply in order for tungsten vapor to flow through the coil as opposed to being reflected back and depositing onto the capillary. Fast-scan cyclic voltammetry can be used to test the electrode, and make sure that the electrical connection from the diamond tip to the open end is complete. 

These electrodes have many applications, both of which are excellent in stimulating and sensing nerves and electrical currents. These electrodes will eventually be used in intracellular voltammetry, in order to sense electrical current patters and neurotransmitters on the inside of Aplysia Californica Buccal Nerve 2 (BN2) cells. Current electrodes can sense these patterns and on the outside of these nerve cells and neurotransmitters in solution.  Hopefully, these electrodes can be completed, built, and made to assist in future research projects. 
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Figure 1: Custom designed reactor schematic. Circles represent splits and merges in lines. Nitrogen only flows into the reactor during shutdown procedures, and acts as a back pressure against the capillary to prevent the capillary from being withdrawn into the reservoir. 





Figure 3: Tungsten deposition on filament of capillary (c). Appears to have a conformal, radial film of Tungsten metal.





Figure 2: Tungsten deposition visible on outside of quartz capillary electrode (a). Suspect unreacted W(CO)6 as flakes in opening of capillary (b).





Figure 4 (12,006x): The tip is sealed with diamond, and is expected to be electrically conductive all the way down to the tip. 











