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ATOMOSPHERIC-PRESSURE HIGH-DENSITY NON-THERMAL PLASMA PRODUCED IN MICROGAP
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Nagoya University, Nagoya 464-8603, Japan
At high pressures, high-density cw plasmas tend to be thermal plasmas because of increased energy exchange rate between electrons and gas molecules. However, by reducing the plasma size and thereby increasing the heat exchange rate between the wall and gas molecules, one can produce high-pressure, high-density non-thermal plasma continuously. We are studying such microplasma produced in a ~100-m microgap between two knife-edge electrodes, which are attached at the end of a strip-line structure and driven by microwave. Stable discharge extending uniformly over the length (10 mm) of the electrodes has been obtained using various working gases. For 1-atm air discharge at a microwave power of 100 W, laser Thomson scattering measurements indicated an electron density (ne) as high as 1.8x1015 cm and an electron temperature (Te) of 1.2 eV [1]; the gas temperature (Tg) estimated from N2 C3u-B3g optical emission was ~2000K [2]. For 1-atm He/N2(5%) discharge at 100 W, ne=3x1014 cm, Te=1.5 eV and Tg =1200K. Introduction of gas flow though the microgap up to 10 l/min reduced Tg down to ~700K [3]. 

Ar microgap discharge is being studied aiming at an application to VUV excimer light source. At a microwave power of 10 W, ne was 3x1014 cm; at higher microwave powers, the plasma was not stably confined in the microgap. Ar2 excimer emission (~126 nm) was confirmed, but without gas flow, its intensity was almost insensitive to the microwave power, suggesting that gas temperature rise and resulting gas density decrease with increasing power makes the three-body excimer production process inefficient. Introduction of gas flow through the microgap resulted in partial extinction of the plasma, and hence a new electrode system giving improved gas flow pattern was designed, in which gas is sucked in at the ridge of one of the knife-edge electrode. In the new electrode system with gas flow, the excimer emission intensity increased with increasing microwave power as well as with increasing gas flow rate. The gas temperature was estimated from impurity OH A2+-X2 emission, indicating Tg ~350K. Detailed characteri-zation of the plasma produced using the new electrode system is in progress.

References
A. Kono, K. Iwamoto, Jpn. J. Appl. Phys., 43, L1010 (2004).
A. Kono, J. Wang, M. Aramaki, Thin Solid Films (2006), in print.
A. Kono, T. Shibata, M. Aramaki, Jpn. J. Appl. Phys., 45, 940 (2006).

