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Electron cyclotron resonance (ECR) sources are of great interest in materials
processing due to their capacity to produce high-density, low-potential plasmas at low gas
pressures. Microwave power is typically coupled to the resonance zone across a dielectric
window. However, with dielectric windows, issues of contamination and accumulation of
sputtered materials require frequent cleaning and maintenance of the plasma source. In
addition, large-area materials processing demands for a thick dielectric window which can
reduce the power transfer efficiency to the plasma. For this reason, a “windowless”
high-density ECR source which couples microwave to the plasma using an internal antenna
was developed in this study. Series of experiments were done to investigate the novel use of
an internal antenna made of carbon material in coupling microwave power to ECR plasmas
used for carbon film deposition.

The brief introduction given in chapter 1 is followed by a theoretical background in
chapter 2 which covers ECR plasma excitation, microwave propagation and power
absorption in magnetized plasmas. Chapter 3 gives detailed descriptions of the experimental
materials and methods used to excite and evaluate the ECR plasmas.

Chapter 4 focuses on the performance of metal internal antennas in microwave
coupling and ECR plasma generation. Microwave absorption was assessed by monitoring the
reflected and transmitted powers simultaneously. Plasma parameters such as electron
density, electron temperature and plasma potential were obtained using Langmuir probe
analysis. The effects of antenna structure and configuration on plasma parameters and
properties were investigated in various magnetic profiles. Good microwave coupling was
obtained with insulated spiral antennas with fewer turns positioned about half the
microwave free-space wavelength from the coaxial connector. Strong electrostatic coupling
between the antenna and the plasma was reduced by shielding the connector and the
antenna stem. Consequently, the connector shielding caused a low-density mode over a short
range of magnet current, and a stable high-density mode at higher currents. The occurrence
of a low-density mode is attributed to the transition of power coupling from inductive to
capacitive mode.

Chapter 5 discusses the effects of experimental parameters, antenna structure and
magnetic configuration on the properties of plasmas produced using carbon internal
antennas. The position of the resonance zone relative to the antenna geometry was found to
be the key factor that affects the plasma density and uniformity. Based on quantitative and



qualitative characterizations, a coaxial-type carbon antenna demonstrates more efficient
power transfer and sustains more stable and uniform plasmas, compared to a spiral-type
carbon antenna.

Chapter 6 presents the performance of the ECR plasma system in hydrocarbon
emission and carbon film deposition. Local-in situ diagnostics such as quadruple mass
analysis (QMA) and non-invasive diagnostics like optical emission spectroscopy (OES) were
used to characterize plasmas species both in ground and excited states. As observed, the ECR
system requires remote plasma excitation to increase the production of hydrocarbon radicals
by chemical sputtering and reduce ion impact energy at the substrate region. The carbon
coaxial antenna produced plasmas with good uniformity and sufficient CH:H and Cz:H ratios
for carbon film deposition. By adding a magnetic flux return, hydrocarbon emission and
plasma homogeneity were further enhanced. Carbon film was successfully formed on Si
substrate by immersing a carbon target in ECR hydrogen plasma without supplying carbon
precursor gas. The antenna realized stable operation for more than 5 h with 100 W input
microwave power. The deposited films were characterized by using scanning electron
microscope (SEM), energy-dispersive X-ray spectroscopy (EDS) and X-ray diffraction
analysis (XRD). As contamination from a tungsten heater and source chamber walls were
detected in the films, additional carbon targets near these regions were installed, which had
successfully reduced impurities on the subsequently formed films.

Finally, chapter 7 not only gives the general conclusions, but most importantly,
provides the implications of the findings and recommendations for future works of
improvement. These points can be strategically evaluated and employed for efficient film
deposition using a plasma-immersed antenna made of a suitable material that serves not
only as a microwave radiator but also a sputtering target.



