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The paper shows the influence of low-pressure plasma on polyeth-

ylene terephthalate (PET) to achieve improved layer adhesion be-

tween PET and ALD multilayers. The literature describes a rela-

tionship between functional groups that are incorporated into the 

polymer surface and better layer adhesion. In this work, the rela-

tive number of functional groups after treatment on the surface of 

PET was measured by the surface energy.  

The PET film Hostaphan® RNK was exposed to oxygen and ar-

gon plasma with varying treatment times. Subsequently, the sur-

face energy was determined via the contact angle measurement. 

The investigations have shown that with increasing treatment 

time in the oxygen plasma, an increasing surface energy is associ-

ated, which is due to the increased incorporation of functional 

groups, such as hydroxy groups. Furthermore, the results have 

confirmed the thesis that if the plasma treatment is too long, oxi-

dation takes place on the polymer surface and thus the surface 

energy decreases. Another aspect that has emerged in the results 

of the study is the subordinate role of the power of the plasma. 

Since the study has not proven the connection between a good 

layer adhesion, of ALD multilayers on PET, and a high surface 

energy, this work should serve as an indication for the investiga-

tion of this thesis. 

I. INTRODUCTION 

The use of implants is becoming increasingly important in 
medical technology and enables many patients to have a better 
life. One of the best-known implants is the pacemaker, which 
is vital for the survival of patients. In the case of electronic 
implants, including the cochlear implant for example, encap-
sulation is an important area in addition to biostability and bi-
ocompatibility. 

The encapsulation, which forms the boundary between the 
human body and the implant itself, must protect the electron-
ics of the implant from fluids. In the case that the encapsula-
tion was defective, the ingress of liquids would lead to corro-
sion and thus to a reduction in the service life of the implant. 
In the worst case, a defective implant would injure the patient. 

In contrast to a pacemaker, flexible implants, such as the 
retina implant, entail the condition of flexibility. As soon as 
components of the implant are exposed to constant move-
ment, as they take place in the eye, the encapsulation is sub-
ject to strong mechanical forces, which can lead to defects in 
the encapsulation. 

A new approach to encapsulation is multilayer coatings. 
Several layers, applied by thin-film coatings, are superim-
posed to produce a flexible encapsulation that has a high water 
vapor barrier and maintains the property of biocompatibility 
and biostability.  

The investigation of various multilayer encapsulation sys-
tems for active implants was carried out as part of a bachelor's 
thesis by Michael Engel and provided the impetus for this 
work. [1] In the work of Michael Engel, PET films (polyeth-
ylene terephthalate) were coated with ALD multilayers, such 
as titanium oxide and aluminum oxide. A problem of multi-
layers is the layer adhesion between the base substrate and the 

applied layer. When this layer detaches from the substrate, this 
defect leads to the reduction of the diffusion barrier. 

An important aspect in the coating of inert polymers, such 
as PET, is the incorporation of reactive, so-called functional 
groups into the polymer surface. As a result, covalent bonds 
can be formed with the coating substrate. In order to be able to 
incorporate these groups into an polymer, such as PET, plasma 
treatment is used.[2] 

During plasma treatment, the surface structure of the poly-
mer is broken up and open bonds are formed, which can be 
filled with chemical substances, such as OH groups. 

Depending on the setting, the treatment can produce differ-
ent effects. The power of the plasma, the pressure in the reac-
tion chamber, the reaction gas and the duration of the treatment 
are the most influential parameters. Typically, in the plasma 
activation of PET, argon or oxygen is used. Oxygen or gener-
ally reactive gases have the advantage that, depending on the 
gas, in the case of oxygen hydroxy groups (OH groups), the 
corresponding chemically functional groups are bound to the 
surface directly during treatment.  In theory, with noble gases, 
such as argon, only the surface structure is broken. In practice, 
however, OH groups are still included, as the argon in this 
work does not have the purity of 100 %. 

This work investigates to what extent the layer adhesion 
between PET and ALD multilayers, with surface energy as a 
measurable parameter, can be improved. The above-mentioned 
parameters were varied. 

 

  
II. MATERIALS AND METHODS 

A. PET Film – Hostaphan® RNK 

Hostaphan® RNK is a highly transparent, biaxially ori-
ented co-extruded film made of polyethylene terephthalate 
(PET). 

For the plasma treatment were film pieces (5.5x3.5 cm) cut 
out and with Kapton tape on Glass slides attached, see Fig-
ure 1. It was ensured that the film, with a thickness of 23 μm, 
has no bulges or similar unevenness. Furthermore, was the 
slide cleaned with compressed air after removal from the pro-
tective cover so no dust particles during plasma activation are 
on the surface.  

 

Figure 1: PET film attached to a slide with Kapton tape. 



 

 

B. Plasma treatment with PEALD Model from MyPlas 

For plasma treatment, the model "PEALD – plasma en-

hanced and thermal ALD system" from MyPlas was used. 

The ignition of the plasma takes place at 13.56 MHz, for the 

treatments in this work argon and oxygen were used. The 

maximum power of the plasma is limited to 300 W. The 

system at the study center of the Furtwangen University in 

Rottweil is limited to a pressure of about 2-8 Pa for oxygen. 

C. Measurement of contact angle and surface energy 

In order to measure the result of the plasma treatment, the 
contact angle was measured on each sample with the model 
"OCA 200" from DataPhysics Instruments GmbH.   

For this purpose, 5 drops of bi-distilled water, diiodome-
thane, ethylene glycol, by sessile drop method, were placed 
on the sample and the contact angle Θ of the drops was meas-
ured, see Figure 2. Subsequently, a software calculates the 
surface energy with the help of the OWRK method. 

 
Figure 2: Contact angle on a solid(S)-liquid(l)-gas(V) contact line. 

[3] 

In this work, the contact angle measurement is used to 
measure the surface energy, which is decisive for the incor-
poration of functional groups on the polymer surface. [4] As 
mentioned, OH groups are incorporated in plasma treatment 
with oxygen. However, the amount of built-in OH groups 
cannot be checked with the contact angle measurement. 

In order to analyze the chemical composition of a sub-
stance, the so-called X-ray photoelectron spectroscopy 
(XPS) is often used, which was not available for this work. 

 
 

III.  RESULTS 

In order to check which parameters of the plasma treat-
ment have a decisive influence on the surface energy, the var-
ious parameters were pushed to minimum and maximum val-
ues according to the Design of Experiments method (DoE 
method).  

As has been analyzed in previous work, such as in the fol-
lowing source [5], the power of the plasma does not play a 
significant role in treatment. This result was also confirmed 
with several measurements in this work, which is why the 
power was set to an average value of 120 W. 

Furthermore, the pressure was set at 5 Pa, which corre-
sponds to a gas flow of 32-35 sccm for oxygen, since the 
PEALD device does not allow large pressure variations.   
Treatments of 2 Pa and 8Pa were performed, which showed a 
clear improvement of the surface energy between 2 Pa and 
values from 5 Pa. However, the difference between 5 Pa and 
8 Pa did not yield any significant results, which is why 5 Pa 
was chosen. 

 

The PEALD system available in this work allows a maxi-
mum argon gas flow of 20 sccm, which corresponds to a pres-
sure of about 2 Pa. All measurements carried out with argon 
have shown no improvement compared to oxygen, which is 
why this work was mainly limited to oxygen.   

In the following Figure 3, the measurement results are 
graphically recorded. The average values of the contact angles 
of the different liquids were considered individually. The X-
axis serves as a timeline, since only the treatment duration has 
changed during the measurements, for the reasons mentioned 
above. 

 
Figure 3: Contact angle measurements with oxygen plasma at 5 Pa, 

120W with different treatment times. 

The contact angle of water is greatest at 180 s with just un-
der 60° and decreases to the value of 40° at 540 s. Subse-
quently, the contact angle of water rises to 44° at 600 s.  The 
contact angle of ethylene glycol has the same tendency as wa-
ter; this decreases from 40° at 180 s to 5° at 540 s. At 600 s, 
the contact angle of ethylene glycol also increases significantly 
again. The contact angle measurements of the diiodomethane 
resulted in an approximate value of 30° over all measurements.   

 

Figure 4: Calculated surface energy and its components (dispersive   
(black), polar (grey)). 



 

 

As a result of the measured contact angles, the following 
surface energies were calculated, see Figure 4. The surface 
energy was divided into the disperse (black) and polar (grey) 
parts. 

Since a low contact angle leads to a high surface energy due to 
the Young equation, the treatment duration of 540 s gives the 
highest surface energy at 54 mN/m. It rises from 180s with 
45 mN/m to the maximum mentioned. At 600 s, the surface en-
ergy has dropped to 54 mN/m.   

The disperse fraction decreases with increasing surface 
energy, while the polar fraction becomes larger. 

 
 
 

IV. DISCUSSION 

As described in the previous chapter, it was analyzed in ad-

vance which parameters have the highest influence on the sur-

face energy of PET. The pressure [Pa] and the duration of 

treatment [s] have clearly emerged.  

The gas also plays an important role, especially about the 

maintenance of a high surface energy over a longer period of 

time after treatment. In this work, the samples were measured 

immediately after treatment, which is why this aspect was not 

investigated. 

In addition to various plasma treatments, the contact angles 

of an untreated PET film were also measured, see Figure 3, 

and the surface energy was calculated, see Figure 4. With 

39 mN/m, a clear improvement in surface energy was 

achieved with all plasma treatments. 

Both in Figure 3, at the decreasing contact angles, and in 

Figure 4, at the increasing surface energies, it can be seen that 

the surface energy increases with increasing treatment time. 

However, this trend could only be considered in the study up 

to the treatment duration of 540 s (9 min). After 540 s, the 

surface energy drops again. 

The regression of surface energy is due to the oxidation of 

the polymer, which occurs with too long treatment time. From 

a certain time,  the polymer surface is not only  activated, but 

also etched at the same time.  [2] The limit value at which 

oxidation occurs is between 540 s and 600 s with the parame-

ters described above and the PEALD system used by MyPlas. 

Since no XPS analysis was available, it is not possible to 

determine to what extent the number of hydroxy groups has 

increased. However, it can be seen that the surface of PET can 

be filled with functional groups with a 540 s plasma treatment 

and thus experiences an improvement of almost 40 % in rela-

tion to the surface energy.   

Figure 4 also shows that the polar fraction is elevated with 

the surface energy of its own, while the disperse fraction de-

creases at the same time. The reason for this is the increasing 

number of hydrogen bonds. As a result,  Coulomb interactions 

between permanent dipoles and permanent and induced di-

poles are more common, which are defined as polar interac-

tions. [6] 

 

V. CONCLUSION & OUTLOOK 

The most important factor in plasma treatment of PET is 

the duration of treatment. Up to a certain value, the surface 

energy increases with increasing treatment duration. Above 

this limit, here at 540 s, the polymer surface is additionally 

etched in addition to the activation. 

The influence of pressure could only be investigated to a 

small extent in this work, but some measurements has shown 

that when treated with argon, a flux of 20 sccm is not suffi-

cient to achieve comparable results as with oxygen.   

The measurements carried out have confirmed that the 

plasma power plays a subordinate role in the plasma treatment 

of PET. 

 

To obtain a more detailed analysis of the effect of plasma 

activation on the polymer surface, such as the incorporation 

of functional groups, an XPS analysis or a comparable method 

must be used. 

In order for the reaction gases oxygen and argon to be com-

pared, the study must be carried out on a different plasma sys-

tem so that a higher argon flux is available. 

 To investigate improved layer adhesion for ALD multi-

layers on the PET film, the sole consideration of a higher sur-

face energy is not sufficient and can therefore only serve as 

an approach for further investigations. In order to achieve im-

proved layer adhesion, treated PET films must be coated and 

investigations of the diffusion barrier must be carried out. 
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