
AIP ADVANCES 7, 075005 (2017)

Chemical vapor deposition of poly-p-xylylene
in narrow tubes
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Depositing a film via chemical vapor deposition results in superior conformity com-
pared with other deposition techniques, primarily due to the unique chemical inter-
actions between the surface and the reactive compounds. This technique requires a
readily accessible surface and so, if the transport of the reactive species is impeded,
irrespective of whether this depletion is caused by diffusion or convective flow, a
homogeneous layer thickness cannot be achieved. This is often the case when apply-
ing films to the interiors of tubes, especially tubes with a dead-end, such that the
inevitable loss of film-building components leads to a drop in thickness along the
deposition length. The present work examined the deposition of the organic polymer
poly-p-xylylene, using a reactor with dimensions that were large compared with the
mean free path and tubes in which this factor (the Knudsen number) becomes unity,
such that the deposition can be approximately described with the continuum model.

A so-called temperature seesaw was employed to mitigate variations in layer
thickness by generating an opposing temperature gradient. It was found that, under
a vacuum of several tens of mTorr, the polymer could be deposited on the interior
wall of a tube with an aspect ratio of at least 100 with an accuracy of ±7.5 %.
The true ceiling temperature for the N derivate of this polymer was also deter-
mined to be 70 ± 2 ◦C. © 2017 Author(s). All article content, except where oth-
erwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1063/1.4994678]

I. INTRODUCTION

A. Deposition of poly-p-xylylene

Chemical vapor deposition differs from physical vapor deposition in that one or more substances
are evaporated and undergo a chemical reaction during transport to a surface. In the case of poly-
p-xylylene (PPX), the dimeric precursor DPX is initially evaporated between 130 and 150 ◦C and
subsequently cleaved thermally or by a plasma to generate two MPX monomers. These react to
form polymeric chains either in the vapor phase (known as volume polymerization) or on cold
surfaces (surface polymerization). Below a certain vapor density, volume polymerization will not
proceed while, above a specific threshold temperature (the so-called “ceiling temperature”) no surface
polymerization will occur. In principle, these temperatures are known for the various derivatives
of PPX.1 As shown in Fig. (1), the polymerization reaction proceeds through free radicals and
polymerization occurs at the two methylene groups at the p-positions on the benzene ring. This
process represents one of those rare reactions in organic chemistry that have only one reaction
mechanism.

It is still possible for the polymer chain length to vary and, as noted, the reaction can occur in
either the vapor or condensed phase. By diluting the evaporated dimer with argon, the first reaction can
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