
133
CZ9827306

Ellipsometric investigations during plasma cleaning: Comparison between
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Abstract
The removal of hydrocarbon containing compounds using a barrier discharge at atmospheric
pressure (air) as well as a capacitively coupled 13.56 MHz low-pressure rf-discharge has been
examined. Al plates, Si-wafer and Al coated Si-wafer served as substrate materials. In the rf-
discharge power and gas pressure have been varied. Argon, oxygen, and hydrogen were used as
process gases. In the barrier discharge power variation has been investigated.
Spectroscopic ellipsometry was used to determine thickness and optical properties of the
contamination. The removal of the contamination layers was observed by means of in-situ
kinetic ellipsometry.
In the rf-discharge the thickness of the lubricant decreases linearly with the treatment time. The
determined removal rates per discharge power are O.I nm/Ws for O2 and about 0.01 nm/Ws for
Ar and H2.
In the barrier discharge the etching rate decreases about exponentially with treatment time. This
is due to a beginning polymerization shown by the increase of the optical constants of the
lubricant. The etching rate reaches values up to 0.1 nm/Ws. After the removal of the lubricant
the thickness of the surface oxide increases significantly.

1 Introduction
Plasma cleaning belongs to the most important applications of non-isothermal plasmas in dry
surface processing. Concerning plasma cleaning of large metal surfaces interest is turned to
more efficient and environmental compatible processes as priming or varnishing. If integrated
into a production line cleaning and activation by plasma can be an effective pretreatment for
painting. This procedure may substitute commonly used chemical precleaning processes.
For an optimization of the plasma cleaning process a better understanding of the involved
mechanisms requires the knowledge of the correlation between plasma, surface, and
technological parameters.
This paper discusses ellipsometric investigations during plasma cleaning in rf-discharge and
silent discharge. Moreover the emission intensity of typical spectral lines and bands have been
measured, XPS has been carried out and the weight of the lubricant has been estimated.

2 Experimental
Several substrates have been contaminated with Wisura-Akamin (oil). This lubricant has been
removed by rf-discharge and barrier discharge, respectively.
The investigations with the rf-discharge have been performed in a plasma cleaning reactor of
aluminum with windows for optical emission spectroscopy (OES), ellipsometry, and substrate
handling [1]. The samples were mounted on the powered electrode. The gas flow input has been
realized by a lot of tiny nozzles right above the powered electrode. The discharge is located
within the volume between the plane powered rf-electrode with the substrate and the U-like
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formed ground electrode. A schematic view of the experimental setup is given in Fig. 1, The
typical operation conditions during plasma treatment were as follows:
rf-power: 2 ... 225 W, 13.56 Mhz (<20 W during ellipsometry, >50 W for OES)
power density: 0.02 ... 2.25 W/cm2

process gases: argon, oxygen and hydrogen; 4 ... 50 Pa
substrate temperature: <150°C
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Figure 1: Schematic setup rf-discharge Figure 2: Schematic setup barrier discharge

The used barrier discharge consists mainly of two plane AI2O3 electrodes (width: 15 mm,
length: 150 mm). The discharge is located within the volume between the electrodes and the
substrate (ground electrode). The electrodes can be moved over the substrate. A schematic view
of the experimental setup is given in Fig. 2. The typical operation conditions during plasma
treatment were as follows:

30 ... 300 W, 20 ... 50 kHz, sine
0.7 ... 7 W/cm2

1.3 mm
air, atmospheric pressure
>1 s

150 mm), Si-wafers and Al-coated Si-wafers have been used

power:
power density:
distance substrate-electrodes:
process gase:
treatment time: >
Al-plates (surface area: 80 mm x
as substrates. By using silicon wafer only the properties of the contamination layer are
unknown for the optical model which makes it easier to compare the experimental ellipsometric
data with the simulation. Wisura-Akamin served as contamination. This oil is a typical
lubricant in handling and industrial treatment of aluminum sheet metals. For the separation of
the refractive index of the contamination the dispersion theory of Cauchy was employed. The
contamination was assumed to consist of one homogeneous layer. By means of the determined
refractive index of the contamination film thicknesses as well as etching rates could be obtained
not only on Si-wafers but also on Al-films and Al-plates. The etching rates are about the same
on all substrates and therefore the results on Si-wafer can be generalized.
A spectroscopic polarization modulation ellipsometer (PME, Jobin Yvon) was employed for
characterization of the contaminated and cleaned substrates and for in-situ monitoring of the
plasma treatment process (633 nm). Because of the low distance between electrodes and
subtrate for the barrier discharge the ellipsometric measurements could not be carried out
in-situ. Therefore, the substrate has been treated only for a few seconds. Than the electrodes
have been moved away and one spectroscopic measurement has been done. This procedure has
been repeated until the lubricant was removed. By that way we have got quasi in-situ
measurements.
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The ellipsometric method works well up to layer thickness of 150 nm. For higher thickness
OES (rf-discharge) has been used or the decreasing weight of the lubricant has been estimated
(barrier discharge). An optical multichannel analyzer (OMA, SI) has been used for real-time
diagnostic of the rf-discharge during the plasma process. In particular, the time behavior of the
Ha-line (656.3 nm) and two different CO-bands (519.8 nm and 451.1 nm) were examined.
For the ellipsometric measurements the design of the rf-reactor had to be modified. As a
consequence sometimes instable discharge conditions and instable light emission at higher
discharge power occur. Therefore, the rf-power has been varied only between 2 and 20 W and
the pressure was chosen to be 10 Pa for oxygen and 50 Pa for hydrogen during ellipsometric
investigations. Unfortunately, with these discharge parameters the intensity of plasma radiation
was not high enough for the OES device. Thus, the results of ellipsometry could not be directly
compared with those obtained by OES.
In addition, the surface chemical composition of the substrates before and after plasma
treatment has been studied by XPS (Fisons MT 500).

3 Results and Discussion
3.1 Rf-discharge
In Fig. 3 a typical plot for the ellipsometric angles ¥ and A versus treatment time in the rf
reactor is given.
The initial thickness was between 40 and 120 nm. During pumping down the layer thickness
has been reduced to about 15 to 40 nm (about 1/3 of the initial thickness). Starting with the
ignition of the plasma the thickness of the lubricant decreases again drastically.
The etching rates were independent on treatment time. Moreover n and k were constant. That
means that no polymerization has been observed.
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Figure 3: T and A during a whole cleaning Figure 4: Etching rates as a function of the
process (10 Pa oxygen, 5 W, 633 nm). supplied rf-power.

The initial data of a silicon wafer without contamination could not be reached completely after
plasma treatment. Moreover, A decreases again after reaching a maximum (Fig. 3). The
decrease of A has been observed in oxygen as well as in H2 and Ar. Thus, growing roughness
(some nm) seems to be likely. This result is supported by the XPS measurements. Plasma
cleaning of hydrocarbon contaminated substrates reduces the C-peak remarkably. In addition,
on Al-substrates the Al-peak increases weakly. However, the oxygen signal which indicates the
native oxide layer remains as high as before.
The etching rates in relation to the discharge conditions are presented in Fig. 4. They show a
linear dependence on the supplied rf-power. The etching rates obtained per discharge power
were 0.1 nm/VVs for O2 and about O.Olnm/Ws for Ar and H2, respectively. In accordance with
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the results of OES one can conclude that plasma cleaning with oxygen is much more efficient
for hydrocarbon lubricants than etching with Ar or H2.
The time dependent intensity of OES spectra has been fitted by an exponential function. The
higher power necessary for the OES measurements (>0.5 W/cm2) induces polymerization,
which is responsible for the observed time behavior of the OES intensity. The relaxation time
can be taken as a measure for the duration of the cleaning process. With increasing rf-power the
cleaning process becomes more efficient. With increasing pressure the time constant decreases
weakly. The most efficient range of pressure depends on the gas used. It was in the range of 10
... 15 Pa for oxygen, 5 ... 8 Pa for argon and about 20 Pa for hydrogen.

3.2 Barrier discharge
In Fig. 5 a typical plot for the ellipsometric angles *F and A versus treatment time is given
which was monitored during the whole cleaning process (633 nm, 240 W).
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Figure 5: T and A during a whole cleaning Figure 6: n and k vs. contamination thickness

process (633 nm, 240 W) (633 nm, 240 W)
Contamination thickness and etching rate decrease approximately exponentially. The same
behavior has been observed for higher power densities in the rf-discharge (OES). The reason is
the polymerization of the lubricant. This has been shown by the increase of n and k which is
related to higher layer density (Fig. 6).
The time constants for the removal of the contamination increase about linearly with discharge
power.
The initial data of a silicon wafer without contamination could not be reached completely after
plasma treatment. Moreover A decreases again after reaching a maximum (Fig. 5). The reason
is mainly a growing oxide. This result is supported by the XPS measurements, too. The quality
of this oxide depends on the treatment time. If the samples were treated some minutes
continuously the oxide was rough. If the samples were treated only some seconds with breaks
for spectroscopic ellipsometric measurements no roughness has been estimated.
The results of the gravimetric measurements can be summarized as follows: The removal of the
contamination increases with power and treatment velocity (velocity of the electrodes:
0.7 ... 6 mms1). For further investigations a pulsed generator with higher power will give better
results. Contaminations above 6 gm"2 could not be removed by barrier discharge.
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4 Summary
The present study reveals that the removal of thin hydrocarbon contaminations on aluminum
substrates by rf-discharge as well as barrier discharge is a reliable and effective process.
Ellipsometry is a suitable tool for characterization of the contaminated and cleaned substrates
and for in-situ monitoring of the plasma treatment process. For a clear interpretation of the
ellipsometric measurements additional information is useful. In this study the surface chemical
composition of the substrates before and after plasma treatment has been investigated by XPS.
In addition, OES (rf-discharge) has been used and the decreasing weight of the lubricant has
been estimated (barrier discharge).
In case of low pressure discharge about 2/3 of the lubricant has been removed already during
the pumping process. During plasma treatment the etching rates were independent on treatment
time for low power density (<0.2 W/cm'2). The etching rates show a linear dependence on the
supplied rf-power. The etching rates obtained per discharge power were 0.1 nm/Ws for O2 and
about O.Olnm/Ws for Ar and H2, respectively. In case of higher power density (>0.5 W/cm2)
polymerization occurs. After the removal of the lubricant the sample surface becomes rough.
The cleaning process becomes more effective with increasing pressure. The most efficient
range of pressure depends on the gas used. It was in the range of 10 ... 15 Pa for oxygen, 5 ... 8
Pa for argon and about 20 Pa for hydrogen.
In case of barrier discharge contamination thickness and etching rate decrease about
exponentially with treatment time. The reason is the polymerization of the lubricant, which has
been observed for all used discharge powers (density >0.7 W/cm'2). The polymerization process
during plasma treatment has been proofed by the increase of n and k which is connected with
higher layer density. The time constants for the removal of the contamination increase about
linear with discharge power. The etching rate reaches values up to 0.1 nm/Ws. The removal of
the contamination increases with decreasing treatment time or increasing velocity, too. For
further investigations a pulsed generator with higher power will give better results.
Contaminations above 6 gm"2 could not be removed by barrier discharge. After the removal of
the lubricant the thickness of the surface oxide increases significantly.
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