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Abstract

This paper reports on the recent work carried out as part of the initial stages of the
EU funded NanoMend project. The project seeks to develop integrated process
inspection, cleaning, repair for nano-scale thin films on large area substrates.
Flexible photovoltaic (PV) films based on CIGS (Copper Indium Gallium Selenide
Culn,Ga(;.4Se,) have been reported to have light energy conversion efficiencies as
high as 19%. CIGS based multi-layer flexible devices are fabricated on polymer film
by the repeated deposition, and patterning, of thin layer materials using roll-to-roll
processes (R2R), where the whole film is approximately 3um thick prior to final
encapsulation. The resultant films are lightweight and easily adaptable to building
integration. Current wide scale implementation however is hampered by long term
degradation of efficiency due to water ingress to the CIGS modules causing
electrical shorts and efficiency drops. The present work reports on the use of areal
surface metrology to correlate defect morphology with water vapour transmission

rate (WVTR) through the protective barrier coatings.

1.0 Introduction

To address the PV degradation problem a thin (~40nm) coating of Al,O3; has been
implemented to provide the environmental protection (barrier) for the PV cells. The
highly conformal aluminium oxide barrier layer is produced by atomic layer
deposition (ALD) onto a Polyethylene naphthalate (PEN) substrate. The surface of
the starting polymer is further planarised to give a high quality smooth surface prior
to ALD. The presence of surface defects, pin holes and debris particles on the
uncoated film can create significant defects within the, aluminium oxide, barrier
layer. This paper reports the results of measurements conducted to characterise the

uncoated and barrier coated polymer film surface topography using segmentation
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feature parameter analysis. The presence of defects is then correlated with the water
vapour transmission rate as measured on representative sets of films using a standard
MOCON test. The paper also shows initial measurement taken on a prototype in
process, high speed, environmentally robust optical interferometer instrument
developed to detect defects on the polymer film during manufacture. These results
provide the basis for the development of R2R in process metrology devices for
defect detection

2.0
A series of 4 coated substrates were produced having a 40nm ALD Al,O; barrier
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coating. An area of 80mm?
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Figure 1: MOCON test set up [1] conditions. The system

places the substrate in a sealed unit where one side of the substrate is subect to high
humidity and the other side is defined as the dry side. The dry side is purged with a
carrier gas which carries away any transmitted water vapour to a infrared sensor
which records the transmission rate. The steady state rate was recorded along with the
time to stable transmission.

3.0 Results

The WVTR
sample 2705 had a significantly

L. results show that
Table: 1 Water vapor transmission rate at

specified conditions 380C and 90% RH

Sample No | WVTR (g/m?24 hrs.) | Time higher WVTR than the other
2701 1.1x 10°° 11 days | specimens. Following WVTR
2702 1.3x10° 11days | testing the surface topography of
2705 4.1x 10° 5 days ) )

2706 2.0x 102 5 days all samples (including uncoated)

was measured using laboratory based coherance correlation interferometery.
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Figure 2 Typical morphology of

substrate defects a) large hole 60um
wide b) particulate debris 30nm high c)
White light scanning
(WLSI) meaured defec.t

interferometry

700 measurements, equating to 14% of the total
surface area of all the specimens was measured.
The results showed the presence of defects both
particulate and pin hole type in all specimens.
Typical examples are shown in fig 2. The
surface roughness of defect free samples was
~0.6nm. Areal topography characterisation was
caried out using the feature parameter set ISO
25178-pt2. In particular the parameter Sfd was
used (where Sfd = the number of significant
hills + significant dales); significance was
defined as any peak/pit greater than 20% of the
total peak to valley roughness (Sz). Using this
default significance value for the defects the
results showed no clear correlation with the
WVTR results. However when the significance
critera was increased for hills (Peaks) and
dales(pits) (over +/- 3XxRMS roughness and
>15um lateral dimension) the Sfd paramter
could be used to count only the most severe
defects over the total measured area. In this
case the correlation was clear (figure 3b). The
results indicate the presence of small numbers
of large defects dominate the WVTR of the
barrier layer. ALD coating is highly conformal
and is likely to coat particulate debris and down
deep pits. The mechanism for increased WVTR
would be that debris on the surface or within
pits become detached exposing uncoated PEN

to water ingress.
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Figure 3a defect density (all defects) b) Significant defect count
The aim of these results is to implement on line metrology for the roll to roll ALD
process and using the knowledge gained from the present work implement areal
feature analysis to carry in-line metrology and process control. The above analysis is
now combined with a robust wavelength scanning intferometery instrument having
internal environmental compensation to carry out the measurement work using

parrallel sensors to cover large areas of the substrate surface.

Conclusions

The present work has shown the potential of areal feature segmentation to detect
functionally significant defects present in roll to roll produced ALD barrier coatings
of Al,O;. The results show a good correlation between the presence of small
numbers of large defects and WVTR. The analysis provides the basis for in process
metrology for roll 2 roll production of barrier coatings for flexible PV arrays and is a
first demonstration of in process use of feature parameters. Work is continuing to

check repeatabiliy of these tests and produce “cleaner” substrates.
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