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de Lozanne Group Internship

After completion of the introductory courses taught by Dr. Demkov, Xuhui Luo, and other graduate students from the Physics and Chemistry departments, I had the privilege of working in the de Lozanne group, which specializes in microscopy research, particularly Scanning Probe Microscopes. The lab features a myriad of different types of SPM's, including a Scanning Tunneling Microscope, an Atomic Force Microscope, a Magnetic Force Microscope, and several others. 

During my time with the de Lozanne group, I worked on several tasks. The first and most time consuming project involved the Atomic Force Microscope (AFM). The AFM works on the principle of optical interferometry, by measuring the interference of a laser beam that has been bounced off a cantilever containing the microscope's probe. By determining specific measures of the returned signal and the original signal, it is possible to determine how much interference exists between the two signals. The known amount of interference allows calculation of a precise distance that the cantilever is depressed, and thus maps the sample's topography. The laser signals employed by the microscope travel through optical fiber, because the fiber transmits the light extremely effectively. The optical fiber is a specialized glass thread encased inside of cladding and jacketing for protection. The glass thread transmits light on the principle of total internal reflection, and thus must be protected from stresses along the length of the fiber, and must be joined to other fibers in an incredibly precise manner. In order to splice optical fibers together, they must first have an almost perfectly flat end, free of all debris from the cladding. Achieving such an end to the fiber is extremely difficult, due to the small size of the fiber (125 microns in diameter) and because of its structural weakness, the fiber is extremely prone to breaking. Before this summer, members of the de Lozanne group cleaved the fiber in order to achieve a clean enough cut to use in a connector. However, cleaving the fiber well is extremely difficult, and can take hours to get an acceptable result. Therefore, the de Lozanne group had investigated a new way to achieve a clean end to the fiber: fiber polishing. The group ordered an optical fiber polishing kit from a laboratory supply company. However, the polishing apparatus was only intended for polishing of fibers inside a connector. Because the de Lozanne group needed the fibers to be used in splicers, not connectors, I and the other interns working with the de Lozanne group were given the task of trying to develop a method of polishing bare fibers. We worked with two graduate students in particular on this project: Neliza León and Morgann Berg. With their help, we tried numerous ways to polish the fiber without success. Finally, we discovered that by using a BNC connector, a termination to electrical cords that allowed two cables to snap together, to support the top of fiber, and using a small stainless steel tube with a 0.006 inch inner diameter to hold the end of the fiber, we could polish the fiber without it breaking. Although we have not completely finished perfecting the technique, I am optimistic that the modified polishing apparatus will eventually be consistently successful, and will allow the AFM to work to its full potential.

In addition to the AFM fiber polishing project, I worked on an electronics project to repair a complex electronic device constructed to aid in the operation of the Scanning Probe Microscopes. In order to function, the SPM's utilize a piezoelectric system to position samples near the probes of cantilevers and move them as necessary. Lab experiments have determined that the optimal way to manipulate the piezoelectric materials is through precisely controlled saw-tooth wave forms. The saw tooth wave forms, which consist of a gradually increasing voltage (with respect to time) reaching a point and suddenly dropping off to 0, were generated by the damaged electronic system. Through a maze of capacitors, operational amplifiers, resistors, and regulators, an alternating current from the power grid was transformed into a saw-tooth wave form. The damaged portion of the sawtooth generator was the Z-positioner driver, which is responsible for upward or downward movements of the sample. I, along with my fellow de Lozanne group interns were tasked with removing all components from the damaged board, testing them, and putting them in the same position on a replacement board. With the guidance of graduate student Alfred Lee, we removed each component, wrote down its location, tested it with a multimeter, replaced it if necessary, and repositioned the component or its replacement on the new board. Due to the complexity of the circuit, it took about a week of de-soldering and re-soldering components before the majority of the board had been replaced. 

Another project in which I participated was the location of microscopic Carbon nanotubes that had been grown on Tungsten wire by graduate student Morgann Berg and recent graduate of the de Lozanne group, Dr. Suenne Kim. They plan to study the transport characteristics of the carbon nanotubes in the STM and their bending properties in the SEM. However, before studying the nanotubes, it is necessary to find the nanotubes on the wire. I, along with my fellow interns, were asked to use the SEM to locate suitable nanotubes. While nanotubes formed all over the wire, very few of them were suitable for study. Only relatively straight nanotubes, greater than ten microns in length, which protruded almost perpendicularly from the surface of the wire can be removed for study. We marked the location of the nanotubes on a map of the field of view that I drew. After we located them, we wrote down their length, to allow Morgann and Dr. Kim better discretion to which nanotubes to attempt to remove. We successfully mapped the entire field of view, and marked the location of dozens of suitable nanotubes.

Finally, in my spare time, when there was no other work to do, I designed and wrote HTML code for a de Lozanne group website. I laid out the website in a manner similar to a website I had designed previously for another site, and borrowed the code from the old site extensively. After changing the colors, logos, and pages, I, along with Panxin, began to write content for the website. We are approaching a point where the website is becoming suitable to be posted on the UT Physics website. We need to make just a few more modifications before finalizing.

Overall, the experience at the de Lozanne lab and the two weeks of classes and lab tours were very informative and enjoyable. I learned a lot about the realities of research physics, and I have a better idea what to expect should I enter that field. I was very often able to witness the problem solving process, in a manner I had not seen before. New solutions to new problems had to constantly be devised, which resulted in numerous trips to the Student Machine Shop. I now know first hand the ups and downs of experimental physics, after spending a month on a (seemingly) simple project, to only be met with constant failure, and only recently achieving a relative measure of success. My time at the de Lozanne labs has given me a greater knowledge of research science, and has been a very satisfying taste of physics research.

