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SLOT-EXCITED SURFACE WAVE PLASMA FOR GIANT SCALE PROCESSING

H. Sugai, Y. Nojiri, Y. Hotta, T. Ishijima, H. Toyoda, A. Masuda1, M. Kondo1
    Department of Electrical Engineering and Computer Science, Nagoya University Furo-cho, Chikusa-ku, Nagoya 464-8603, Japan
    1Research Center for Photovoltaics, National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki, 305-8568, Japan
There has been a great need for meter-scale plasma sources for giant materials processing. Typical examples of giant plasma processing are deposition of silicon thin films for photovoltaic power generation, thin film transistor manufacturing for meter-size LCD (liquid crystal display) panel, surface processing of housing glass plate, plastic film, and paper. To date, large-area capacitively coupled plasmas (CCPs) have widely been used for large-scale CVD and etching processes. However, the 13.56 MHz CCP has drawbacks of low plasma densities (~1010 cm-3). On the other hand, CCPs at VHF (30 – 100 MHz) are high density, however relatively nonuniform. 
Recently, we have developed a new technology for production of large-scale (~2 m) uniform high-density (1012 cm-3) plasmas based on surface wave excitation at microwave frequencies. The microwave discharge at 915 MHz or 2.45 GHz is operated in a wide range of pressure from 10 mTorr to ~ atomospheric pressure. The key technologies developed here are firstly a vacuum-seeled waveguide to avoid a huge atomospheric force pressing a large dielectric plate, and secondly a multi-slot antenna array carefully desiged to achieve a  large-area plasma uniformity with good impedance matching. Surface waves were experimentally measured and confirmed in FDTD simulation. A medium size plasma of 1 m in length, 0.3 m in width, and 0.3 m in thickness was produced by 2.45 GHz, 1-5 kW discharge, while a sheat-like plasma of 2 cm in thickness and 1 m in length was also produced to reduce the discharge power, heat load on walls, and gas pumping load. Furthermore, a large size plasma of 2 m in length, 0.5 m in width, and 0.3 m in thickness was produced by 915 MHz, 5-20 kW discharge.

The 915 MHz two-meter-size plasma was applied to silicon thin film deposition in Research Center for Photovoltaics, AIST, Japan.  The preliminary experiments showed promising data and high potential of the microwave plasma for meter-scale Si thin film deposition. This work was supported by a Fund from the New Energy and Industrial Technology Development Organization (NEDO) in Japan.
