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Plasma diagnostics plays an important part in understanding the role of
charged particles during plasma processes. However, since common plasma
diagnostic techniques are limited to low-pressure case, there is a need for the
development of a new diagnostic method specifically for atmospheric pressure
plasma characterization. In this study, a diagnostic technique based on the theory of
Gerdien condenser method is developed for laboratory-produced atmospheric
pressure plasma. The Gerdien condenser, which is a classical instrument employed
in atmospheric science, is capable in measuring the ion mobility and density from an
obtained current-voltage (I-V) characteristics.

In Chapter 2, two atmospheric plasma sources are made operational using a
13.56 MHz RF power supply. The developed atmospheric plasma sources exhibit a
dense and a dilute plasma plume due to the difference in device configurations. The
plasma plume produced by the compact atmospheric-pressure plasma devices are
qualitatively examined using common diagnostic technique, specifically using optical
emission spectroscopy and plasma glow image analysis. The length of the plasma
plume produced by the needle-shaped electrode configuration is observed to be
directly dependent to the input parameter up to a certain value where saturation of
plasma plume length is attained. On the other hand, the plasma plume produced by
the capacitively-coupled configuration is very dilute and possesses filamentary
structures. The effect of input parameters such as gas flow rate and input power is
unobservable if only Ar gas is introduced into the system. The employment of Ne
swirl gas into the dilute plasma stabilizes the plasma flow out of the
capacitively-coupled device yielding a more homogeneous and stable plasma plume.
Visible range optical emission spectrum show increase in excited nitrogen species
while Ar excited species decreases against an increased flow rate of N2 swirl gas.

The principle of operation and data analysis of the Gerdien condenser
method is presented in Chapter 3. In Chapter 4, the applicability of a miniaturized
pointed inner electrode Gerdien condenser as a diagnostic tool for
atmospheric-pressure plasma is examined. Atmospheric pressure plasmas were
generated at 25 W by supplying Ar as main gas and Nz as swirl gas both with the
flow rates of 3 liters per minute using the capacitively-coupled configuration. The ion
mobilities calculated from the I-V characteristics were identified to be those of O*,
Og2t, Ar*, and Nz*. The ion densities for varying pen-to-inlet distance were
determined to be in the range from 8 x 105to 2 x 107cm3.

An improved version of the miniaturized Gerdien condenser is designed,



tested and developed as discussed in Chapter 5. The previous Gerdien condenser
design is capable of determining the ion density and mobility, thus ion species
composition of the plasma. However, further improvements are done in order to
minimize the effect of noise to the signal. The new device has a 1.0 cm diameter, 6.0
cm long cylindrical current collector electrode mounted on a bias electrode of 1.7 cm
inner diameter. The new instrument also employs an aluminum-made rectangular
box which acts as the electrostatic shield from unwanted noise. It is concluded the
shielded Gerdien condenser yielded improved data measured in terms of the
reduction of noise contribution to the signal. Two atmospheric plasma sources
producing dense and dilute plasma are studied using the new version of the Gerdien
condenser. Same ion mobilities are detected for both atmospheric pressure plasma
sources. O, O*, Oz, Og*, Art and Ng* are assumed to be present in the plasma
through the analyzed I-V characteristics. The density of the plasma produced by the
needle-shaped electrode configuration yielded more than twice of that detected from
the capacitively-coupled setup.

The effect of the flow rate of the fan attached at the end of the condenser is
investigated by setting the fan flow from 1.9 to 7.5 x 102 cm3s1. The increase in air
flow rate on the Gerdien condenser resulted in a decrease in ion density due to
possible enhancement of neutral-ion recombination.

Effects due to kind of materials used for the collector electrode of a Gerdien

condenser upon the current-voltage characteristics are also presented in Chapter 6.
Aluminum, copper and nickel electrodes were initially polished and cleaned and the
I-V characteristics were recorded with 15-minutes interval under exposure to
ambient air. Results showed that the zero-crossing voltage in the I-V curve shifted
toward negative electrical potential, while the saturation current decreased in
accordance with the passage of time. The electrode surfaces showed clear change in
the color after operation. Ion mobilities and ion species concentrations were
determined from the measured I-V characteristics and they indicate sizable
difference by the electrode aging effect. The aluminum electrode showed stable
positive and negative saturation currents within 180 minutes, however the
saturation current decreased down to 50% of the initial value.
The edge effect to the current-voltage characteristics of the Gerdien condenser is
studied through simulation in order to explain the signal current reduction at higher
voltage in the I-V characteristics. Although results show that the predominant
factor on the decrease in measured current is not the edge effect, further
investigation is still needed to confirm the air velocity inside the conduit as well as
the possible effect of space charge and neutral-ion recombination contribution to the
measurement.



