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The characterization of plasma downstreams attracted much attention with the beginning of
plasma downstream applications in semiconductor technology. Even though early applications
were carried out in the plasma region the remote plasma utilization are more advantageous as it
yields damage-free high quality films. The feasibility of remote plasma processing was increased
with the advent of 'high power plasma generators since they could overcome the major drawback
of lower reactive species concentration in downstreams by usual low power glow plasmas. A scru-
tiny of downstream composition has not been reported yet, therefore, the present work is focused

on characterization of high density radio frequency (rf) oxygen plasma downstream flows.

Since the reactivity and the path of reaction of most of the chemical reactions occurring in the
downstream depend on the state of atomic or ionic atomic oxygen, the population densities of
atomic species in discrete energy levels were first subjected to investigation. The results indicated
that the only existent excited atomic oxygen state in the downstream over 60 cm from the plasma

exit is O (!D). The concentration of O (*D) rises from 45 % to 95 % out of total atomic oxygen
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concentration with the increase of rf power from 100 W to 800 W. At 800 W an immediate plasma
state transition from glow to high density plasmoidal state occurs. When the plasma belongs to
the plasmoidal mode, the downstream O ('D) fraction decrease from 95 % to 90 26 with further
increase of rf power up to 2500 W. However, this power increment causes to the production of

ionic atomic oxygen which are found to exist in the downstream.

Secondly, the influence of this variation of downstream composition for the wall recombina-
tion of atomic oxygen on Pyrex surface ( 7) was thought out. The 7 found to vary from 1.1X
10™* to 6.1X107% having a minimum value of 5.1X10™° at 700W rf power at which point the glow
discharge plasma converts to the plasmoidal state. The sharp descendent and consequent slight
ascendant of 7 with the increase of rf power were found to be responsible for the growing O('D)

and ionic atomic oxygen densities in the downstream, respectively.

The downstreams gas temperature (Ts) variation with the applied rf power was thirdly ex-
amined as it is one of the vital parameter which govern the rates of chemical reactions occurring
in the downstreams with added gases. For this calculation, a spectroscopic method based on
rotational-vibrational transitions between Oz (b £ %) and O, (X*Z3) was used. In both, glow
and plasmoidal plasma regions, the Ts increases with power but ahows a drastic drop at the point
where the plasma state transition occurs. This temperature drop can be accounted due to the en-

ergy dissipation of atoms,/molecules after leaving the localized high density plasma region.

Investigation of 7 of different materials by means of a simple and a fast technique is impor-
tant in order to meet the demand for low 7 materials for plasma instrumentations. To accom-
plish this requirement, a new technique based on NO3 continuum was developed and demonstrated
using an oxygen plasma. The 7 of Al, Cu, Ceramic (Al.Os) and stainless steel measured by this
method are 0.0044, 0.026, 0.002 and 0.0099, respectively. Surface treated Al with Ni (8 £m)Cr.
03 (2¢m) and teflon (3 zm) were also found to have higher 7 as 0.0036 and 0.002, respectively,
hence unsuitable for plasma instrumentation. Teflon found to have a lower 7 of 7.3X107°. The
other advantage of this new technique is its expandability in deducing the surface poisoning rate

for 7 by foreign gases.

Finally, the applicability and the superiority of plasmoidal plasma in semiconductor process-
ing were investigated. For this research, one solid state (thin Cu film oxidation) and one gas
phase (SiO: deposition by TEOS) reactions were included. In both cases it was observed that
there is no difference of O (!D) and O (®P) states for the film growth rates. However, the physi-
cal, chemical and electrical properties are found to be better with plasmoidal plasma over glow

discharge plasma.
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