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Abstract: To overcome challenges for manufacturing of
modern smart medical plastic parts by injection mold-
ing, e.g. for active implants, the optimization of the in-
terface between electronics and the polymer component
concerning adhesion and diffusion behavior is crucial.
Our results indicate that a nano-sized SiOxCyHz layer
formed by plasma-enhanced chemical vapour deposition
(PE-CVD) via open air atmospheric pressure plasma jet
(APPJ) and by use of a hexamthyldisiloxane (HMDSO)
precursor can form a non-corrosive, anti-permeable and
biocompatible coating. Due to the open air character of
the APPJ process an inline coating before overmolding
could be an easy applicable method and a promising
advancement.

Keywords: active implants; APPJ; HMDSO; injection
molding; PE-CVD.

1 Introduction
An important requirement in manufacturing of modern
smart medical plastic parts will be the ability for direct,
assembly free integration of various electronic elements,
like sensors or components for information storage, part
identification/ traceability or plagiarismprotection. In this
context injection molding as an established and econom-
ically proven process to manufacture plastic parts must
be considered. However diverse challenges occur from
the assembly free integration of electronic parts by in-
jection molding and the intended use as an active im-
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plant: Electronic insert parts have to facehighmechanical,
thermal and thermo-mechanical stresses [1] as well as
chemical or other application related loads (see Figure 1).

An additional challenge is the optimization of the in-
terface between electronics and polymer component con-
cerning form-fitting connection, adhesion and diffusion
behavior.

Especially for implants with integrated electronics,
which are so far protected to the human body with metal
or glass packaging a coating is suggested as an alternative
[2–4]. In the present study nano-sized SiOxCyHz layers,
formedbyPE-CVDviaAPPJ andbyuse of aHMDSOprecur-
sor, are evaluated as an appropriate barrier between sen-
sitive, potentially non-biocompatible electronic materials
and a part forming overmolded polymer casting.

Different authors already reported advanced surface
properties after plasma coating [5–10]. For example Pihan
et al. state better adhesion properties with SiOxCyHz coat-
ing [7]. Other groups achieve sufficient protection against
corrosion [8–10].

Especially an inline SiOxCyHz thin film coating com-
bined with polymer overmolding is a promising approach
to form a non-corrosive, anti-permeable, biocompatible
packaging for active implants.

2 Material and methods

2.1 Test specimen and plasma parameters

In this study different test specimen are coated by PE-
CVD with use of a hexamethyldisiloxane (Sigma-Aldrich
Chemie GmbH, Germany, ≥ 98%) precursor. Different
materials, comprising stainless steel, aluminum, and a
FR-4 based printed circuit board (PCB, 6× 10× 1.5 mm)
with and without a digital temperature/humidity SHT21
sensor (Sensirion AG, Switzerland), have been coated.

The 10× 10× 1 mm stainless steel (316L) and alu-
minum specimens first have been cleaned in an ul-
trasonic cleaning bath filled with acetone (VWR, USA)
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Figure 1: Challenges for direct, assembly free integration of
electronic components by injection molding and for use as a smart
medical device.

and following with ethanol (Sigma-Aldrich, 30%). Sub-
sequently the samples have been etched for 10 min with
nitric acid and cleaned again. The PCB specimen have
been cleaned only with compressed air.

The PlasmaPlus® jet (Plasmatreat GmbH, Germany)
was operated at 23 kHz plasma power (280 V, 14.3 A)
and a plasma cycle time of 100% with clean dry indus-
trial air as ionization gas at a flow of 2000 l/h. The
precursor was mixed with nitrogen gas (carrier gas, 300
l/h) in an evaporator at 100°C and added to the plasma
flame.

In a distance of 20 mm to the nozzle the test substrates
first have been pre-treated/activated two times by moving
through the precursor-free plasma torch with a speed of
10 m/min (see Figure 2). After adding the precursor with a
flow rate of 40 g/h the materials have been coated by two
or respectively eight coating passes.

2.2 Experimental setup

Film deposition and properties have been studied by SEM
surface analysis (JSM-5400, Jeol GmbH, Germany) and

Figure 2: APPJ with evaporator and electronic test specimen (FR-4
based printed circuit board with/without sensor).

contact angle (CA) measurement (OCA20, Data Physics
Instruments GmbH, Germany). The character of the film
regarding thickness and roughness has been exemplarily
measured by ellipsometry (SE 800, SENTECH Instruments
GmbH, Germany) on silicon wafers.

Additionally a cytotoxicity analysis according to DIN
EN ISO 10993-5 (elution test, 72 h eluting time) using Hs27
fibroblasts and a CCK-8 cell counting kit (Dojindo Labora-
tories, Japan) has been performed to study the bioprotec-
tive effect of the SiOxCyHz thin film coating. As a substrate
for the coating exemplarily stainless steel specimens were
used which in advance have been etched according to
ASTM D2651 to gain cytotoxic properties.

To analyse corrosion effects all coated specimens have
been visually checked after immersion in 5%NaCl solution
for 48 h at 37°C by use of a VHX-5000 digital microscope
(Keyence Corporation, Germany).

3 Results and discussion

3.1 Film deposition and properties

Film deposition could be shown by static measurement of
the contact angle before and after coating (see Figure 3).
Measurements of CA on stainless steel and on FR-4 PCB
substrates showed approximately hydrophilic properties
(54–59°) before coating and a shift to hydrophobic sur-
faces after two (84–86°) as well as after eight coating
passes (88–101°).

In SEM analysis after two passes a coating was
not visible, but CA measurement indicate a polymer-
like SiOxCyHz film. After eight coating passes a homoge-
nous particle distribution on the surfaces could be seen
(see Figure 4).
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Figure 3: CA measurement of uncoated and 8x coated stainless
steel (SS, n= 7) and FR-4 (n =4) samples.
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Figure 4: SEM images of PCB surface, uncoated (A) and after 8
coating passes with polymer-like SiOxCyHz film and homogeneous
particle distribution (B).

Ellipsometry after eight passes showed a film thick-
ness of up to 200 nm and a surface roughness of
10–20 nm.

3.2 Cytotoxicity

TheASTMD2651 etching procedurewith no post treatment
ensured a guaranteed cytotoxic surface on the stainless
steel specimen as can be seen in Figure 5 (stainless steel).
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Figure 5: Proliferation of Hs27 fibroblast cells compared to control
(n = 3).

Table 1: Sensor functional test without and after 2x coating (Sensor
precision: temperature ±0.3°C humidity ±2% RH).

Parameter Sensor uncoated Sensor coated

Temperature [°C] 22.94 23.17
Humidity [%RH] 39.39 39.10

As additional positive control a copper substrate and
as negative control biocompatible silicon has been used.

According to DIN EN ISO 10993-5 for a classification of
non-cytotoxicity a minimum proliferation rate of 70% has
to be reached. No cytotoxic effect could be measured on
the steel substrate after two (85% proliferation) and eight
(79% proliferation) coating passes.

This shows that the coating, at least for the cytotoxic
stainless steel specimens, very effectively protects against
the cytotoxic properties of the substrate.

3.3 Sensor function after coating

Function studies showed that SiOxCyHz film coating did
not affect the function of the sensors (see Table 1).

This was not expected because a temperature of up
to 181°C was measured on the specimen surface during
treatment. This is an interesting observation since also in
overmolding high temperature loads occur.

3.4 Corrosion protection

Immersion in 5% NaCl leads to a definite pitting corrosion
of uncoated aluminum specimens. This could clearly be
reduced already by two coating passes (see Figure 6).

4 Outlook and conclusion
Our studies showed that the APPJ process is an easy ap-
plicable method to deposit SiOxCyHz films on different

Figure 6: Aluminium samples without (left) and with 2 plasma
coating passes (right) after 48 h immersion in 5% NaCl solution.
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substrates and sensitive electronic components. It works
as an effective protection against cytotoxic properties
of the substrate and corrosive attacks, which supports
observations of other groups [3, 5–10].

In further experiments we showed that the surface of
the SiOxCyHz film coating could be hydrophilized by addi-
tional plasma activation (without precursor). This would
lead to optimized surface adhesion properties for a sub-
sequent polymer casting [11] of the insert by overmolding,
which is currently under investigation in our group.

In summary the SiOxCyHz filmcoating appliedbyAPPJ
is a very promising and inline applicable technology to
prepare electronic parts for assembly free integration in
plastic components to realize smart medical devices.
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