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Abstract This paper reviews various aspects of parylene
coatings in medical devices and industry and summarises the
fabrication methods of parylene coatings and their potential
medical applications. In medical industry, two major
beneficial properties of parylene include excellent barrier
qualities and inherent bio-compatibility and bio-stability.
The need for a bio-compatible material with good surface
characteristics is of paramount importance. The recent
findings indicate the application of parylene coatings in
several areas of medical industry such as surgical
instruments, implants, medical devices, mandrels, and
medical electronics. Parylene has been slowly introduced
into the research market, and has found to be competitive for
available materials in the market. A review of the literature
was undertaken to identify the prospective use to determine
whether parylene coatings can survive the needs in medical
industry.
Keywords Bio-compatibility, Bio-stability, Surface
Characteristics, Parylene, Parylene Coatings, Medical
Applications

1. Introduction
Developments in medical industry and materials science
have significantly changed the technique of replacing any
part of human anatomy with a restorative material.
Restorative materials are subjected to very threatening
environment in which mechanical loads fluctuate rapidly and
constantly. Due to the materials, the toxicity of the tissues
has increased; thereby, requiring more attention to available
materials in the market [1]. Surface coatings deposited onto
the materials can protect the surrounding tissues from
toxicity, provide good surface properties such as corrosion
and wear resistance and also assist the growth of the tissues.
Hydroxyapatite (HA) coatings have been widely used in
prosthetic applications since they have similar
crystallography and chemical composition to the human hard
tissues [2]. A strong competent to the HA coatings is
parylene which has been used for biomedical applications

because of its excellent surface properties, bio-compatibility,
bio-stability,
increased
lubricability
and
surface
consolidation to avert flaking [3]. In 1947, Michael Mojzesz
Swarc investigated a class of aliphatic carbon-hydrogen
bonds in which the carbon was directly attached to the
benzene ring. During the experiments, he heated the simplest
compounds at very high temperatures. Para-xylene stood
apart from all the chemical substitutes and was first
experimented with plastic industry for thermal stability
where it proved its mark. Since then, many researchers have
used this material in their experiments and in 1965, parylene
coatings were commercialised [3].

2. Parylene Deposition
The deposition process of parylene is conducted by
introducing the polymer in the vapour phase which shows
close resemblance as that of the vacuum metallisation. The
difference between the two processes is the pressure that is
applied. Unlike the vacuum metallisation which has a
pressure of 10 – 15 Torr, the parylene deposition process
employs 0.1 Torr. By this process, all the sides are uniformly
impinged by the gaseous monomer [3-5]. This process
involves three discrete steps which are shown in Figure 1.
The parylene coatings are usually performed at ambient
temperatures in the vacuum deposition equipment. The
parylene coatings are applied as thin film which grows one
molecule at a time as the parylene polymer deposition takes
place at the molecular level. A granular raw material called
dimer in its solid state is heated under a vacuum and the
dimeric gas is generated as a result of vaporisation. The
dimeric gas is pyrolised to the monomeric form of the dimer.
The monomer gas is deposited as a thin transparent polymer
film on the surfaces at room temperature. The advantage of
the parylene being applied as gas makes the coatings
penetrate the crevices easily and tighten the areas on
multi-layer elements with a uniform coating [6, 7]. The
thickness of the coating is based on the applications need.
Usually the parylene coatings range in micrometers. They
also can vary between hundreds of angstroms to several
millimeters [4].
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Figure 1. The main steps in the parylene coating process.
Table 1. Parylene coatings classifications and their properties.

Structure
[20]

Parylene C

Parylene D

Parylene N

Parylene HT

Completely linear, high
crystalline material,
modified by a substitution of
chlorine atom for one of the
aromatic hydrogen’s.

Completely linear, high
crystalline material, modified
by a substitution of chlorine
atom for two of the aromatic
hydrogen’s.

Completely linear, high
crystalline material.

Completely linear, high
crystalline material and
replaces the alpha hydrogen
atom of parylene N with
fluorine.

Useful
combination
of
physical
and
electrical
properties, low permeability
to moisture and corrosive
gases.

Useful combination of physical
and electrical properties, low
permeability to moisture and
corrosive gases, withstand
slightly
higher
use
temperatures.

Primary
dielectric,
low
dissipation
factor,
high
dielectric
strength,
low
dielectric constant invariant
with frequency.

Low coefficient friction,
dielectric constant; withstand
high temperature, long term
UV stability and highest
penetrating ability of the four
variants.

Aromatic
rings
[23]

Properties
[20]

3. Parylene Types and Applications
Parylene has been used for more than 30 years and its
applications have become wider in several industries.
Parylene found its first application as a coating in small
ferrite rings in core memory of the electronics. Later, the
developments in technology expanded its application to
printed circuit boards and many other innovations with the
expansion of the electronics industry. As years passed when
the industry started its innovation in various fields such as
aerospace, military and defence, the use of parylene became
wider. In aviation and aerospace, parylene is used for its high
altitude and vacuum performance. It is important for the
device not to trap air in high altitude as it will not only
destroy the device but also can destroy the mission as a
whole. Parylene found its success in the aerospace and
aviation industry as it trapped no air in coated device or
component by its vacuum deposition process [8-13]. In
electrical industry, parylene coatings have been widely used
as they form a thin layer protecting and stabilising the gentle
features with less added mass. Parylene coatings are resistant
to high temperature, moisture and hydrocarbons and protect
the telecommunication devices without any added mass

[14-19]. From automobile to military and medical industries,
parylene has been through a long successful path.
Parylene is unique in its properties which include,
pin-hole free coating in thin layers, exact detailing in
substrate topography and ability to penetrate through
complex substrates. Parylene coatings can be deposited on
several substrates such as glass, ceramic, metal, paper,
plastic and also on powdered substances. It can be coated on
layers as thin as 500 Angstrom [20-22]. Conformal coatings
are generally liquid in nature; whereas, parylene coatings are
formed on surfaces from a high purity powder known as
dimer which has no liquid stage. There are variations of
parylene which offer their own coating properties that are
slightly different. The commercially available parylene
variants include: Parylene C, Parylene D, Parylene N and
Parylene HT which are given in Table 1 [4].

4. Restorative Medical Applications of
Parylene Coatings
The medical industry has expanded itself in the areas of
invasive diagnostic and surgical methods. The medical
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implantable device market has grown largely from
pacemakers and defibrillators to neuro and spinal stimulating
implants. As the size of the medical devices and implants is
important, the need for protection has enhanced with the
issue of bio-compatibility. To protect the devices and
implants from the moisture, bio-fluids and chemicals, a
surface coating is required with additional characteristics
such as bio-compatibility and bio-stability. Parylene coatings
may provide a better durability, bio-compatibility, corrosion
resistance, bio-stability, enhanced lubricability, and surface
consolidation to avert flaking or dusting [3]; however, it does
not provide a good wear resistance which is an important
characteristic for a material to be used in medical industry
[24]. Hence, larger trials should be implemented to
understand the surface properties of parylene to make its
stand in the medical industry. In the past decades, the
invention of the new variants of parylene such as
parylene-HT and parylene-AF4 has become an advantage for
the medical device manufactures [25]. Parylene has become
an immediate option for manufactures in medical industry.
This section gives an insight into the medical applications of
parylene coatings.
4.1. Parylene in Medical Devices
The need for a bio-compatible coating in the field of
implantable medical devices has increased to a greater extent
and thus the need for a material which can meet all the
requirements for a successful procedure has become very
important. Parylene coatings have slowly found their place
in the medical devices because of their excellent safety. It
has been one of the most preferable materials as it is
bio-compatible and does not show any inflammation in the
surrounding tissues of the device implanted. Parylene-C is a
crystalline, thermoplastic polymer. The deposition process is
done using the vapour polymerization technique that ensures
polymer films are conformal, uniform and pin-hole free.
With all these exceptional properties, parylene becomes a
suitable material for all the fabrication devices. The
following sections give a few devices where parylene-C has
played a vital role and proves its stand as one of the best
available coating materials.
Bladder Volume Sensor: Neurogenic bladder is a
voiding dysfunction of the central peripheral nervous system
such as the diabetes mellitus, cerebrospinal injury or disease
or radical pelvic surgery complications [7, 26 and 27]. There
are two types of neurogenic bladder, patients with
underactive or a contractile neurogenic bladder. The patients
with this disorder will not be able to recognize distension of
their normal bladder capacity. Hence, the bladder volume
sensor which is a real-time monitoring sensor was developed
to observe the changes in the bladder volume. When
implanting the device in the bladder, it should be coated with
a suitable material which is bio-compatible and does not
damage the surrounding tissues. The test was performed on
different materials and inflammatory cells were observed in
the area close to the implants. By H&E staining, the parylene
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coating was deposited on the implant and it was observed
that there was mild neovascularization close to the implant.
Also, the formation of the new blood vessels was not
observed in the later stages which makes parylene a suitable
coating material for the implant [18]. The Parylene-C
coating material has shown safety in the tests carried out
in-vitro and in-vivo and has proved to be a safe coating
material as it does not show any inflammation on the
surrounding tissues of the sensor implanted [28-31].
Electrochemical Impedance Spectroscopy: The
encapsulation or the insulation of the device was needed as it
would improve the performance of the electrochemical
impedance spectroscopy (EIS). The shielding is done to
protect the device from harsh, corrosive bio-fluidic
environment and also to protect the tissue against the
non-biocompatible materials and foreign particles that
induce corrosion in the surrounding tissues. The analysis of
impedance by experimenting in an appropriate equivalent
circuit model showed that the use of sub-micrometer
parylene-C coatings has resulted in water diffusion from the
top surface very quickly as the film is in contact with
solution [32]. Whereas, when coated with a different
material, the water is saturated before it reaches the bottom
surface. The degree of diffusion depends on the thickness of
the coating. A different approach is also available for the
encapsulation of the device wherein the top layer of the
parylene film can be modified to be more hydrophobic which
will make them maintain constant electrical properties at an
elevated temperature over the days even when local
delamination occurs which can be attained by designing an
appropriate device [33-37].
Microelectrode Arrays: The array’s used for EMG,
endoscopic equipment and other instruments that are in –
vivo has to be flexible and also bio-compatible. Parylene-C
has been used as an alternative to the available coating
materials and has shown remarkable results [38, 39].
Parylene is optically transparent through which the tissues
can be seen through the array; thereby, it will be easy to
position the device. Parylene-C is chemically inert and does
not subject to hydrolytic degradation and it has the highest
bio-compatibility standards for plastic materials [40].
Saw Devices: The SAW device consists of a piezoelectric
substrate with interdigital transducers (IDT’s) which works
on horizontally polarized surface shear waves (HPSSW) to
detect the biomolecules in real time [41]. This substrate is
usually coated with lithium tantalate LiTaO3 as it supports
both high and low temperature coefficients along with the
HPSSW. The binding reactions on this substrate are usually
identified using the change in the surface wave velocity
which is mainly due to the viscosity and mass adsorption in
the sensing layer [42-45]. To increase the sensor
characteristics, parylene-C is coated on top of the lithium
tantalate as it gives two added features: i) chemically
homogeneous substrate and ii) wave guiding layer [41]. Thus,
the use of parylene coatings enhances the long-term stability
of the implanted device [46].
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4.2. Parylene Coatings in Implants
The need for implants in place of the bone structures has
increased to a greater extent in the recent past. Dental
implants and orthopaedic implants have been used largely in
the medical field. Hence, a successful implant material that is
bio-compatible and also stable for long-term is needed.
Though finding a suitable implant material was eventually
possible, there were factors that arose such as tissue damage
and corrosion and wear resistance of the implant due to body
fluids and other foreign particles. As a solution to these
factors, the implant needs to be coated with a material in
which parylene coatings were also found suitable.
Orthopaedic Implants: In Orthopaedic implants, the
most commonly used materials are stainless steel and
titanium alloy. The parylene N and parylene C mechanical
and physical properties were examined. Various tests were
performed which include micro-indentation, scanning
electron and confocal microscopes and scratch tests [24].
Through these tests, it has been proved that the critical load
for initial cracks has increased by 3-5 times and the total
metal ions release has decreased by 3 times for parylene-C.
These properties of parylene-C coating have shown
successful results in terms of corrosion resistance but it falls
back in wear resistance [47-49].
Dental Implants: In dental implants, the neodymium iron
boron magnets coated with parylene-C were used intra –
orally [50, 51]. To test the durability of the parylene coated
magnet, it was simulated in an oral environment where the
parylene coated magnets were subjected to grinding and
crushing. It was seen that in few hours, there was visibility of
abrasion and wear. Though the parylene-C coating material
stands strong in all the surface characteristics and biological
properties that suit the body environment, it falls back in the
fatigue wear testing [52-55].

5. Advantages and Disadvantages
The parylene coating process does not require liquid phase
[5]. The main advantage of not including liquid phase is that
it does not allow pool in low areas, bridge across substrate or
exhibit liquid properties such as meniscus and capillary
actions. Parylene having its strength in mechanical
properties helps the coating to be achieved in very thin layers
[56]. The process of parylene coating results in dry film
lubricity which is suitable for many applications and also it
can be coated in room temperature. Parylene being coated in
very thin layers increases the possibility of protecting very
thin substrates without the effect of mechanical loading. One
of the most important properties of a material is corrosion
and wear resistance [57-59]. Although parylene gives good
corrosion resistance, it falls back in the fatigue wear
resistance property. Experiments have to be made to find a
good alternative solution for parylene as that of the new
invention of parylene HT which can withstand high
temperature and UV stability. Future studies in parylene

should provide a solution for this property and make it one of
the best coating materials in medical industry.

6. Conclusions
With increasing technological developments in the
medical field, the need for a suitable coating material to be
used for both in – vitro and in – vivo has become very
important [60]. A suitable polymer which has favourable
characteristics such as bio-compatibility, bio-stability,
enhanced lubricability, high corrosion resistance and wear
resistance in order to withstand damage of a device and
provide a longer life is needed [61]. This paper gives the
basic knowledge of parylene coatings, deposition process,
advantages and disadvantages along with the directions on
the future research opportunities in the field of biomaterials.
Parylene has proven to be a good coating material and is also
pin-hole free which makes it easier to coat. It is also a liquid
free coating technique; thereby, avoiding disadvantages due
to pooling in lower areas. The weak aspects of parylene may
include low fatigue and wear resistance. Not all the fields in
medicine require this property, but to make parylene-C a
successful coating material, further experiments need to be
conducted to improve its fatigue and wear resistance.
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