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In microdischarge devices, high electric fields generate localized microplasma inside cavities.  These highly localized microplasmas can be used as precise light and energy source.  Since the fabrication of microdischarge devices in silicon in 1997, many advances have been made in their design.  The most recent design, shown in Figure 1, utilizes the dielectric properties of nanoporous alumina (Al2O3) grown on aluminum electrodes, with cavities mechanically drilled through the top electrode.  As the microdischarge devices change in design, it is important to characterize the microplasma generated in the cavities.  Characterizing microplasma properties, such as the Debye shielding effect, will help in understanding the operation of microdischarge devices.  One of the methods to study plasma characteristics is to observe the particle interaction within the plasma.  This research reports the work on studying the Coulombic interactions of micron-sized particles inside plasma generated using the recent design of microdischarge devices.   


For the experiment, devices with varying Al2O3 thickness and hole-configurations were fabricated.  Holes were mechanically drilled through the top Al substrate, with diameters varying from 200 to 400 µm.  After the drilling, the Al substrates were electrochemically polished using perchloric acid.  Al substrates were then coated with Al2O3 by anodizing them in 0.15 M oxalic acid solution at 10 ºC.  The thickness of the Al2O3 film was controlled by the time duration of anodization.  The film thicknesses for the substrates were varied from 6 to 10 µm.  After anodization, the Al2O3/Al electrodes were bonded using Al2O3 paste of varying concentration and soft baked at 110 ºC.  Once the devices were finished, particles were placed inside the cavities.  Particles used in the experiments were Ho:YLF crystal, green phosphor, and ferromagnetic microspheres.  



When the devices were ready for testing, the particle locations were captured using an optical microscope.  We placed the devices in a vacuum chamber, and a turbo pump evacuated the chamber to a base pressure of < 10-6 torr.  The chamber was backfilled to < 500 torr of Ne2, He2, or Ar2-N2 mixture.  The excitation frequency was kept at 20 kHz, and the operational voltages of the discharge ranged from 200 to 400 V RMS.  We used a microscope and charge-coupled device camera to observe the discharge from above.  

Different particles showed various degrees of Coulombic interations.  Of particular interest is the movement of phosphor particles, which evenly distributed themselves throughout the plasma.  In addition, intense point lights were detected inside the microplasma with ferromagnetic microspheres.  Further work is necessary to understand how the particles are affected by microplasma characteristics. 
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Figure 1. Single-hole microdischarge device with thin Al2O3 coating
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