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Polyparylene, a noncritical, nontoxic layer material well suited for long-term applications in the
human body, has been deposited by plasma-enhanced chemical vapor deposition of the monomeric
species. For that end, a microwave discharge in a pulsed mode has been applied. Important plasma
parameters have been evaluated by simultaneous application of Langmuir probe and trace rare gas
optical emission spectroscopy. Plasma densities and electron temperature have been found to cover
values from an almost Langmuir plasma up to some 1010 /cm3 and between 1 and 3.5 eV,
respectively. The differences in electron temperature between the two methods clearly show the
efficiency of microwave fields to excite the high-energy tail of the electron energy distribution
function. Due to diffusion loss, the plasma is spatially inhomogenous which has been taken care of
by measuring at four different radial positions and different pressures with the Langmuir probe. This
holds true for both ambients: argon and parylene-C. However, the plasma density in parylene is
lower by a factor of almost 10, indicating that this molecule and/or its fragments exhibit a strong
power for electronic attachment or that the process of ionization must compete with other, parasitic
reaction paths. © 2009 American Vacuum Society. �DOI: 10.1116/1.3148825�

I. INTRODUCTION

Polyparylene-N, deposited from monomeric vapor, exhib-
its a dielectric constant of approximately 2.6, which is con-
sidered low enough to work as lattice-forming constituent in
a backend dielectric in the sub-0.5 �m nodes as identified in
the late 1990s.1 Moreover, this polymer has evolved to be a
good barrier against water vapor and it exhibits a melting
point of �410 °C, which is much higher than typical solder-
ing temperatures. These qualities make it attractive also for
packaging applications. Finally, it has passed the Federal
Drug Administration as noncritical, nontoxic material for
long-term applications in the human body.2 Hence, several
applications in the medical area are known �coating material
for stents or surgeon’s instruments�.3–5

Normally, substrates are coated in a conventional chemi-
cal vapor deposition �CVD� process.6–9 A dimer is heated up
to approximately 700 °C, by which the dimer is cracked into
monomeres, and these polymerize atop the surfaces in the
reactor which is held on room temperature �Fig. 1�. Since
this process is diffusion controlled, even parts exhibiting a
complicated shaped surface can be uniformly coated. Despite
the fact that plasma polymerization has evolved an estab-
lished technique for more than 30 years,10–13 only some ex-
periments on parylene have been reported.14 Especially the
influence of typical plasma parameters �plasma density, elec-
tron temperature� on the physical properties of the deposited
film has not been investigated yet. Among them are surface
energy, roughness, and density.

Depending on the gaseous density of active molecules,
the process of polymerization can happen mainly on the sur-
face resulting in a smooth, translucent layer �low monomeric

density�, or in the gas at high densities of the monomeric
species. In this case, the surface is coated by small flakes of
polymeric chains which leads to grainy, opaque coatings.
The dimension of these grains covers a range of three orders
of magnitude, beginning on the lower nanoscale up to some
micrometers in size. By the formation of these particles, the
characteristic of the surface properties can be completely
changed. In particular, the phenomena of superhydrophobic
surfaces as well as the commonly known Lotus effect are
suspected to be closely connected to the occurrence of nano-
scale roughness.15,16

Hence, one of the main issues of this work is the evalua-
tion of the deposition rate as function of the vapor pressure
of the dimeric species and the ratio of the dimer with respect
to the monomer. Hence, first of all, the vapor pressure curve
of the dimeric species has to be recorded which has to be
followed by the evaluation of the chemical equilibrium �left
hand side of Eq. �1�� as function of the cracking temperature.
The equilibrium is expected to roll from left to right with
increasing temperature.

Due to outgassing of most of the substrates which are
organic in nature, base pressures are not lower than some
tens of millitorrs which can easily generated by a normal
rotary pump.17 To keep the ratio of residual gas pressure over
discharge pressure below 10−2, it is worthwhile to apply mi-
crowave discharges rather than rf discharge because the latter
type is principally more efficient at lower discharge
pressures.18

In this study, three different monomers have been under
investigation: either unsubstituted �type N, vapor pressure,
layer properties�, substituted by one Cl-atom �type C, plasma
diagnostics, layer properties�, or substituted by two Cl-atoms
�type D, layer properties, Fig. 2�.
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