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Plasma Surface Modification of Polymer Backsheets: Origins of Future Interfacial
Barrier/Backsheet Failure

Joel W. Pankow," Stephen H. Glick
'National Renewable Energy Laboratory, Golden, Colorado, joel_pankow@nrel.gov

ABSTRACT

Flexible polymer substrates coated with inorganic
oxide moisture barriers are a potential replacement for
glass backsheets in thin film PV modules. Silicon
oxynitride  (SiO4N,) deposited by PECVD on
polyethylene terephthalate (PET) represents one
potential new backsheet candidate. Barrier deposition
runs at NREL have typically included a nitrogen-rich
plasma pretreatment prior to actual barrier deposition
with the intention of cleaning the PET surface as well
as enhancing adhesion of the SiO,N, barrier film to
PET; however, test coupons of PET/barrier/EVA/TPE
failed after damp heat exposure. PET substrates
exposed to plasma conditions similar to those used in
pre-treatment were examined by X-ray photoelectron
spectroscopy (XPS) to reveal new low molecular
weight PET fragments are created which are volatile
upon heating and water soluble. Failure analysis of
the coupons determined that the moisture barrier is, in
fact, transferred to the encapsulant side.

1. Objectives

The reliability of any PV module is highly dependent
on the actual packaging components used and the
importance of reliability is stressed throughout the
Solar Program Multi-Year Technical Plan. Glass is a
key packaging component of thin film PV modules and
is used as both the frontsheet and backsheet material.
Disadvantages of glass such as weight, cost, and a
propensity towards breakage both from edge pinching
as well as handling have been motivating factors
behind efforts to identify alternative backsheet (and
potentially frontsheet) materials. Polymer films are
one alternative and, in contrast to glass, weigh less,
are less costly, and have better handling
characteristics. However, unlike glass, polymer films
are not inherently impervious to moisture and an
additional moisture barrier must be applied to any
polymer film candidate under consideration. The goal
of this work has been to explore the feasibility of one
particular barrier/polymer backsheet combination —
SiOyN, on PET. XPS was utilized to examine a variety
of issues discussed in this paper with results that are
guiding further research focused on the development
of a viable barrier coated polymer backsheet material.

2. Technical Approach

DuPont Melinex® ST504 PET film was used for
these studies. This product contains one side which
has been treated by the manufacturer for ink adhesion
and one side which is untreated. For the barrier

depositions discussed here, only the untreated, pure
PET side was coated. A five chamber, Pernicka
PECVD system was used for the barrier depositions
using a gas mixture of silane, oxygen, nitrous oxide
and nitrogen in proportions which were varied
throughout the deposition. Plasma pretreatment is
carried out in the same chamber where subsequent
barrier deposition occurs. For control studies of only
the plasma pretreatment step, the Pernicka chamber
was fitted with a glove bag which was mounted over
the entry lock door using a custom mounting flange in
order to allow for plasma treated PET samples to be
sealed in glass vials under a nitrogen environment.
Finally, a Physical Electronics 5600 XPS instrument
using monochromatic Al Ka radiation was used to
evaluate both plasma treated PET as well as barrier
coated PET samples. Because both the polymer PET
film and SiO4N, barrier film are insulating in nature,
optimization of electron flood gun parameters and
other instrumental conditions were required to
minimize charging effects. The XPS instrument is part
of a cluster tool also featuring a glove box such that
sealed vials containing plasma treated PET samples
could be opened, mounted, and transported to the
XPS instrument all under inert or vacuum conditions.

3. Results and Accomplishments
3.1 Effects of Plasma Pre-Treatment

The pure PET side of ST504 was exposed to
plasma treatment at 60W in 500 sscm N, and 100
sscm N,O (14% N,O in N,) for 10 minutes. Samples
were sealed under inert nitrogen conditions in the
glove bag and examined by XPS as discussed above.
Survey scans of the surface indicated the presence of
nearly 5 atomic percent nitrogen in addition to
expected carbon and oxygen. Figure 1 illustrates the
high resolution C1s scan for the various PET samples
and the PET molecular structure. The reference
spectrum for PET shows three well resolved peaks
and a shake-up peak. From low to high binding
energy, these peaks are assigned to aromatic
carbons, ethylene carbons, carbonyl carbons, and a
shake-up peak. The first three peaks are found in
nearly a 3:1:1 ratio consistent with the atomic fractions
of the various carbon species in the molecule. After
plasma treatment, spectra subtraction shows a
reduction in the concentration of all three carbon
functionalities. Peak intensity above the horizontal
zero counts line indicates new, unique species present
on the surface of the plasma treated PET. At least
three new functionalities can be identified — namely
terminal carbonyl, terminal carboxylic acid, and
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phenolic —OH groups®. All these functionalities are
consistent with a chain scission mechanism of
polymeric PET which creates low molecular weight
fragments with new terminal end group functionalities.
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Fig.1. XPS C1s spectra of PET samples

3.2 Thermal desorption XPS of plasma treated PET

The plasma treated PET sample was subsequently
heated in the XPS instrument by ramping substrate
temperature with periodic scanning of the C1s, O1s
and N1s regions. At approximately 70°C, nitrogen
content began to decrease and the C1s and Ofs
regions progressively began to resemble those for
pure PET. By approximately 145°C, nitrogen was not
detected and the C1s and O1s regions appeared
exactly as for pure PET. In other experiments, plasma
treated PET was immersed in pure deionized water for
several minutes followed by XPS examination. Again,
nitrogen content decreased and the C1s and O1s
regions began to resemble pure PET.
3.3 Interfacial failure analysis of PET/barrier/EVA/TPE

Several SiO,N, coated PET films were laminated to
EVA using TPE (Tedlar-polyester-EVA) in the following
construction: PET/barrier/EVA/TPE with the EVA side
of TPE in contact with the bulk film EVA. Although
initial adhesion was promising, the coupons readily
delaminated after about 100 hrs of damp heat
(85°C/85%RH) exposure. XPS examination of the
PET side showed approximately 2 atomic percent
nitrogen and 1 to 3 atomic percent silicon. Levels of
carbon and oxygen were nearly those of pure PET.
Depth profiling quickly removed detectable levels of
both nitrogen and silicon leaving only carbon and
oxygen. For the mated EVA side, approximately 2
atomic percent nitrogen and 10 to 16 atomic percent
silicon was detected with the balance consisting of
carbon and oxygen. Nitrogen was readily removed
within a few minutes of depth profiling (<100A) to leave
less than 10 atomic percent carbon with silicon and
oxygen providing the balance in nearly a 2:1 ratio.
3.4 XPS depth profiling of barrier coatings on PET

In order to better interpret the interfacial failure
analysis results, retains of the barrier films used in the
construction of the coupons were depth profiled (see

Fig. 2). For these films, a plasma pretreatment
preceded the actual deposition. During SiOxN,
deposition, nitrous oxide content in the PECVD gas
blend was increased at the expense of oxygen gas
content as deposition proceeded from Phase 1 at the
PET interface through Phase 3 at the exterior of the
barrier film.
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Fig. 2. XPS depth profile of barrier film on PET
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Despite nitrogen content in the gas blend during all
three phases of the deposition, trace to no detectable
nitrogen is found for the first two phases. In addition,
nitrogen incorporation at levels approaching 1 atomic
percent is found at the PET/barrier interface (Fig. 2
inset).

4. Conclusions

Control experiments involving plasma pretreatment
of PET substrates demonstrate that plasma exposure
induces chain scission of the PET molecular structure
resulting in formation of low molecular weight
fragments. These fragments appear to be volatile
upon heating as well as water soluble. The fragments
are loosely bound to underlying intact PET polymer
chains and create the potential for interfacial failure.
Plasma pretreatment of PET prior to PECVD SiO.N,
barrier deposition results in retention of these species
at the PET/barrier interface as illustrated in the depth
profile. Detection of low levels of nitrogen on the EVA
side of delaminated coupons along with silicon to
oxygen ratios matching those found for Phase 3 in the
latter part of barrier depth profiles is consistent with
interfacial failure at the PET/barrier interface resulting
in barrier transfer to the EVA side of such coupons.
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