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Abstract. The deposition of amorphous hydrocarbon (a-C:H) films and the irdiefnitrogen on these films were studied.
The experiments were performed in low temperature plasmasTwith3...6 eV andng = 1-10'6...4.107 m=3. The
ratio between injected nitrogen and methane was varied as well as theaguilbsinperature and the neutral gas pressure.
Additionally, the deposition distribution as a function of distance was detetdninesitu measurements of the a-C:H growth
rate show that the carbon redeposition can be suppressed completgdsolygn injection (scavenger effect).
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INTRODUCTION

Since CFC materials will be used in the high heat flux divertmgion, tritium enriched amorphous hydrocarbon
(a-C:T) films will be formed resulting from plasma wall inéetion and the interaction between plasma and eroded
divertor material. The in-vessel tritium inventory will lecrucial constraint for long term operation in ITEER. For
safety reasons, too high an inventory requires a major tiggmmocedure which is to be postponed as long as possible
or - ideally - to be avoided completely.

Besides other methods [1], it came up that nitrogen may besailgle candidate for reducing the deposition of
a-C:T films due to the scavenger effect [5]. In the subsegsection, the experiments and their results are presented
which aimed to investigate film growth behavior remote frohydrogen plasma as a function of methane and nitrogen
injection.

EXPERIMENTAL

In the linear plasma device PSI-2 [2,4] hydrocarbon layemfition can be studied on large time scales (hours). A
schematic is depicted in Fig. 1 on the L.h.s. In the dischagg®n the plasma is generated from 100 sccm hydrogen
and flows magnetically confined on a neutralizer plate mamta tungsten.

Experiments performed in the target chamber utilized thepséepicted in Fig. 1 on the right. A quadrupole mass
spectrometer (QMS1) attached to the target chamber alldesgmining the concentration of stable neutral species.
A second QMS2 was situated in the exhaust of the plasma dé/fEe .2 sccm methane and nitrogen were injected
through two nozzles, one of which allowing the injectionailgh the plasma in the direction of two silicon wafers
mounted on a heatable holder. A manipulator allowed moviegrafers to and away from the plasma edge. A screen
attached to the holder aimed to inhibit ionic species to rehe wafers. For in situ film thickness measurements
spectral reflectometry was used. The measurements wermmper on a silicon wafer pre-coated with an a-C:H film
of roughly 100 nm in thickness.

For simulating conditions similar to those expected in thmp ducts in ITER, experiments were performed with
the setup illustrated in Fig. 2 on the left. A so called hotefimade of stainless steel (SS) surrounded the plasma
column and was heated to about 200by the plasma radiation. Thereby, during methane injeatio a-C:H was
formed on the hot liner walls because erosion due to atondedgen dominated. Controlled conditions with respect
to preventing hydrocarbon losses due to cold walls in thectigpn region could be achieved. Perpendicular to the hot
liner followed the pump duct region with a window for in sitpestral light reflectometry. A clean reference Si wafer



and a pre-coated wafer were mounted on a heatable holder &Bffom the plasma column axis. Seven additional
clean wafers were mounted on a rod in the pump duct for detémmihe remote deposition distribution by ex situ
measurements of the formed films.
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FIGURE 1. Left: Schematic of the linear plasma device PSI-2. Right: Experimertiab e the target chamber.

At the end of the pump duct a turbo molecular pump was attaéblémved by QMS2 in the exhaust. QMS1
allowed evaluating the amount of species leaving the het linto the target chamber through the diaphragm. The
plasma conditions for the target chamber experiments were4- 101" m=3 T, = 4.2 eV andp = 0.1 Pa and for
the pump duct experiments the parameters were in the SSrlinerl - 10* m—3, T, = 5.7 eV andp = 0.1 Pa and
ne=2-10" m3 T. = 3.1 eV andp = 1 Pa, respectively. The high pressure conditions were @ethiby adding
100 sccm hydrogen through the nozzle to the plasma.
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FIGURE 2. Left: Schematic of the pump duct. Right: Growth behavior in the pump dudtim the target chamber at 8D
substrate temperature.

RESULTSAND DISCUSSION

The target chamber experiments aimed to determine howgeitranfluences the film growth at plasma facing
surfaces while the experiments performed in the pump ducea@ito suppress possible effects of energetic particle
bombardment on the carbon redeposition behavior.

The target chamber and the pump duct experiments showedatiffbehavior with respect to erosion upon nitrogen
injection. As depicted in Fig. 2 on the r.h.s., the erosiothatarget chamber experiments was enhanced upon nitrogen
injection as compared to erosion by atomic hydrogen only ifd ¥l in the figure). In contrast, in the pump duct



experiments the erosion rate did not change upon nitrogention (I and 1V). It is noticed that the data from the
target chamber experiments were taken with and without iadiytal screen aiming to protect the specimen from
possible ionic effects. The results did not depend on wheath@ot the screen was mounted. Possible influence of
energetic neutral particle bombardment on erosion shiweletfore be assessed.

Simultaneous injection of methane and nitrogen led in thgetachamber experiment to reduced growth (VII) as
compared to the case where methane was injected only (Milithe pump duct experiments the film growth (Il)
was even suppressed completely when nitrogen and methaeeinjected simultaneously (l11). The cause for this
behavior have to be volume reactions between nitrogen adbbgrbon species (cf. I,IV and V,VI), i.e. scavenging,
because chemical sputtering [3] seems to be inefficientnthdeconditions present in the pump duct experiments.
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FIGURE 3. Left: Erosion in the pump duct with and without added nitrogen. Right: @r@md erosion rates in the pump duct
upon methane injection with and without added nitrogen.

The influence of substrate temperature and neutral gasypeess film growth and erosion are shown in Fig. 3 for
the pump duct experiments. In all cases, the erosion cl@ahgases with increasing substrate temperature which is
in accordance with [6]. High pressure conditions hardljtgtown the rates towards more erosion.

The growth rate dependence on the ratio between nitrogematithne was studied in the pump duct setup with a
substrate heated to 40 at low pressure conditions. Net deposition can be swittbexrt erosion by increasing the
nitrogen amount even at low substrate temperatures (Fleft!,

Two experiments were performed for evaluating the effectitvbgen admission on film distribution along the duct.
Seven silicon wafers were mounted onto a long SS holder keqatom temperature. The deposit was analyzed ex
situ by a similar optical diagnostics. The resutls are showig. 4 (right). Similar to the in situ data, the nitrogen
admission strongly reduces film growth.

QMS signal evolution with time and the corresponding filmvgito are exemplified in Fig. 5. The table in Fig. 5
shows that unambiguous assignment of masses to specifiespeaot simple. Especially if nitrogen and hydro-
carbons are present at the same time, reactions betweengbesies result in complicated correlations. Interelsting
when both methane and nitrogen are injected, for instanssesdl5 and 16 need much longer to achieve stable signals
that it is the case for methane injection only.

CONCLUSION

Nitrogen admission enhances the erosion at plasma facirfigces while leaves the erosion unchanged far away
from the plasma. Elevating the substrate temperature eagsiuction of the growth rate. At a certain temperature,
dependent on the methane flow rate, the deposition changa®dmn which is in accordance with [6]. Nitrogen
admission shifts the equilibrium between carbon depasdind H erosion to lower temperature. This can be regarded
as removing/recombining reactive hydrocarbon radicate@ttions with N species, i.e. scavenging.

As the effect of nitrogen on growth rate is rather strong,liappon in reactors has to be considered carefully. If
nitrogen can be applied such that it does not harm the CF@slatnay very well contribute to reducing the film
growth in the pump ducts and thus reduce the amount of cositepldritium.
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FIGURE 4. Left: Effect of nitrogen content on film growth. Right: Growth rate disttibn along the duct (x - distance from the
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FIGURE 5. Left: QMS signal evolution and film thickness. Right: Cracking pattern gptder some relevant molecules.



