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A multilayer coating has been developed to encapsulate implantable medical devices with a total thickness of 1.6 µm. It exhibits a protection
comparable to a 3 times thicker “state of the art” barrier coating. The encapsulation coating combines several 500 nm-thick poly(chloro-p-
xylylene) layers, also called parylene-C, well known as a viable electrical insulating material for long-term biological implantation, and several 15
nm TiO2 layers deposited by means of Atomic Layer Deposition. ALD technology allows obtaining very dense layers with an excellent
repeatability and thickness homogeneity.

MOTIVATION
• Implantable electronic devices and human body must be isolated one from

the other.

• An encapsulation is needed to avoid electronic failure of the device and its
rejection by the body.

• This encapsulation must be mechanically stable (to avoid damage due to
liquid infiltration that causes corrosion of the device), biocompatible,
conformal, and having a high corrosion resistance.

• Thin coating would reduce the fabrication costs and the volume of the final
device. Usually, the encapsulation is provided by solid receptacles (Ti, glass)

CONCLUSIONS
• The obtained multilayer coating exhibits excellent corrosion barrier

properties with a thickness of less than 2 μm.
• The combination of parylene-C and TiO2 requires extremely low deposition

temperature (≤50°C) for ALD process.
• The TiO2 coatings obtained at low temperature (≤50°C) are as efficient in

terms of waterproofing as those deposited at higher temperatures (>50°C).
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EXPERIMENTAL
• Parylene-C layers were deposited by LPCVD. (Gorham process) [1]

• TiO2 layers were deposited by ALD using tetrakis(dimethylamido)titanium
(TDMAT, Ti[N(CH3)2]4) and water as precursors. Recommended process
temperature is 150°C but the coatings were obtained at 50, 80 and 150°C.

• The optimized multilayer coating consisting of 3 TiO2 layers (15 nm-thick)
alternating with 3 parylene-C layers (500 nm-thick), all deposited at a low
temperature (≤50°C).

Figure 1. (Left) Schematic representation of ALD using self-limiting surface chemistry and an AB binary
reaction sequence. (Right) Architecture of the multilayer coating composed of TiO2 deposited by ALD and
parylene-C deposited by LPCVD.

ANALYSIS OF ENCAPSULATION EFFICIENCY
• Helium leak test: due to a pressure difference helium will diffuse through

the coated polyimide membrane and will be detected with a mass
spectrometer. The lower the pressure difference, the better the coating
permeability.

• Immersion in Ringer’s solution : glass discs first coated with a 150 nm-thick
PVD Mg layer were further coated with different multilayers and immersed
in 37 °C Ringer’s solution. Mg layer becomes transparent when oxidized
and allows the light to pass through. The percentage of the area which
become transparent is measured optically.

Figure 2. Representation of the
helium leak test [2]

RESULTS
• Parylene-C is damaged by an ALD process above 50 °C. Indeed, the

permeability of a multilayer with TiO2 deposited at 150 °C is higher than
that of parylene alone or a multilayer coating with TiO2 deposited at 80°C
or 50°C. (Fig.3, left)

• Barrier properties of TiO2 deposited at 50°C are comparable to those of
TiO2 deposited at 80°C or even at 150°C (for the same layer thickness)
(Fig.3, right), while the composition of the TiO2 is different (impurities and
stoichiometry, as measured by XPS).

• The multilayer coating with a total thickness of 1.6 µm showed better
results (pressure 10-9 mbar), than a reference [2] multilayer coating with a
total thickness of 5 µm (10-8 mbar) according to helium leak test.

• Immersion tests showed similar results with a poorer repeatability (Fig. 3,
right, second row), probably due to the depositions in 2 different reactors.

Figure 4. (Left): Evolution of the oxidized zone of Mg-coated glass samples immersed in a Ringer solution:
a multilayer formed of 2 bilayers (ML2), 3 bilayers (ML3) and the reference coating. (Right, first row) 4 Mg-
coated glass samples coated with the reference coating after 24 days in Ringer's solution. (Right, second
row): 4 Mg-coated glass samples coated with our ML3 after 24 days in Ringer's solution.

Figure 3. (Left) Demonstration of the deterioration of parylene by the temperature of the ALD process by
means of a helium permeability test performed on polyimide membranes coated with parylene C and TiO2.
(Right): Demonstration of the weak influence of the deposition temperature on the permeability of TiO2
coatings (helium test). The lower the pressure difference, the better the coating permeability.


	 

