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Abstract

In this paper we describe a nanopatterning technique of polyetherimide by scanning with the silicon tip in
contact mode of atomic force microscopy. Different applied forces were used for the consecutive scanning of
the same sample area. The higher applied load the less consecutive scans are necessary for the pattern
formation. The most regular pattern on this aromatic polymer substrate was achieved for the applied load 150
nN. The variation of number of scans leads to increase of surface roughness due to mass transport on the
polymer surface. The structure formation mapping contributes strongly to development of new applications
using nanostructured polymers, e.g. in tissue engineering or in combination with metallization in selected
electronics and metamaterials construction.
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1. INTRODUCTION

The phenomenon of construction of nanopattern by means of scanning with atomic force microscopy is
relatively new technique with a pioneer work published in 1992 [1]. Two major approaches can be used for
nanopatterning of polymers if we do not consider beam treatment. First approach is that polymer foil can be
stretched up like it was recently done with polypropylene [2,3] or we can use simple scanning which for some
polymers can lead to ripple pattern creation [4-6]. The construction of surface nanostructures by scanning of
a flat surface with a AFM tip was observed confirmed several times for different polymers [6-8]. Increase of
volume of layer and frictional response can be quantified with the conclusion that observed plastic deformation
induced by the tip-surface interaction has a connection with a second-order phase transition in case thin glassy
films [8]. The periodic pattern can be modified by change of the scanning velocity, applied force or angle.
Therefore the possibility of periodic pattern of desired dimensions or orientation was proposed [9].

Different models were proposed for the explanation of the nanopatterns formation. The following mechanisms
responsible for nanopattern formation induced by interaction of tip with polymer films were proposed: (i)
Schallamach waves, (ii) stick-slip behavior, and (iii) fracture-based descriptions [10]. Also different type of AFM
tips were used, including special, but also expensive diamond tips, used for nanodots formation on
polycarbonate films, where a two-step nanoindentation method to construct controllable and oriented system
of 3D nanodot arrays was executed [11]. The interaction of AFM tip with surface of solid material can be also
used for modification of biomaterial. DNA molecules have been engineered to mimic the initial stages of
mismatch repair [12]. AFM was also used for generating and characterizing of the mechanical properties of
cell-derived matrices [13]. The regular ripple pattern can be also realized by means of excimer laser treatment
which we realized on several aromatic polymers recently, such as in case ripple pattern on PEN [14] or dot
pattern on PES [15], and by heat treatment, realized on PLLA [16]

However, the effect of regular pattern formation has not been observed for polyetherimide (PEI) so far. In this
work we used standard Si probe tip of a AFM Veeco CP Il equipment to modify PEI surface by scanning with
aim to construct regular pattern on the polymer surface. The surface nanostructuring was studied with respect
to the applied load with use of standard silicon tip in contact mode. We have determined the optimal scanning
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parameters for the ripple construction with the dimensions and regularity depending on the applied load and
number of consecutive scans of the same area on PEI surface.

2. EXPERIMENTAL: MATERIALS AND MODIFICATION

As a substrate we used polymer polyetherimide (PEI, density 1.27 g cm-3, 50 um thick foils) supplied by
Goodfellow Ltd., Cambridge, Great Britain). For modification and surface morphology determination we used
an atomic force microscopy (AFM) technique using a VEECO CP Il device. A Si probe CONT-20A tip with the
spring constant 0.9 N m-1 was used for the nanolithography experiment. The mean surface roughness (Ra)
represents the average of the deviations from the centre plane of the sample.

3. RESULTS AND DISCUSSION

We have studied interaction of silicon tip in contact mode of AFM with PEI substrate. We study the tip-polymer
interaction especially from the morphologic point in dependence on the load of the tip on the polymer and the
number of consecutive scans applied on the sample. The results reported previously shown the dependence
of the applied surface load on the sample on the regular pattern [3]. So far no results on PEI polymer were
published.

Silicon n-type tip with lateral
movement - approach

scanning 25nN - 150
nN in contact

- o
|:> PEI surface

PEI ripple pattern ‘ | 150 nXN

height 8 nm, width 100 nm

Wpm

Figure 1 Title The principle of PEI nanopatterning with silicon tip in contact mode

The Figure 1 describes the treatment of polyetherimide with Si n-type AFM tip and ripple pattern formation.
The different types of surface modification connected with mass transfer can be applied. As we have
mentioned above, Schallamach waves or stick-slip behavior, and last but not least fracture-based descriptions
can be responsible for ripple pattern or regular pattern on polymer surface due to applied force onto the surface
due to AFM tip interaction.

On the basis from the Figure 2, we can conclude that the optimal number of consecutive AFM scans differ for
PEl in the dependence of applied force on the sample. It was observed, that for PEl samples the ripple pattern
appeared earlier for the higher applied load, even after the first scan for 150 nN, and with the reduction of
applied force the number of consecutive scans increases (Figure 2).
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Figure 2 2D AFM images of PEI treated with 25 nN (4t scan - A; 10" scan - B), 50 nN (2" scan - C; 10t
scan - D), 75 nN (29 scan - E; 10t scan - F) and 150 nN (1st scan - G; 10t scan - H). The 1x1 um2image
was acquired

The construction of ripples on a PEI polymer can be explained by a as stick-slip mechanism [9]. The polymeric
material is moved by the probe which forms a precursor wave (see Figure 1). The polymer "hill" is constructed
in front of the tip. This phenomenon is manifested by the change of mechanical equilibrium and the tip can
skip over the ripple which was constructed. In the next stage, which is the next scan line, the forward scan
(different y-axis value depends on the number of scan lines on the surface area) the upper part of the polymer
is pushed again. These phenomena lead to the formation of a periodic pattern which also depends on the
direction of the polymer flow. The precise relation between the mass flow and pattern formation depends on
the polymer’s mechanical properties. This relation also depends on the shape and dimension of the tip. Also
the technique of polymer manufacturing (uniaxially or biaxially oriented foil) can play a significant role.

The shape of the tip can be also modified during the tip movement along the polymer surface if the contact
mode is used for the treatment, therefore also some additional effects may also apply.
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These effects may appear as irregularities on the modified
ripple pattern, and can decrease the quality of ripple pattern
on polymer. Due to the tip pressure in combination with
material transport in the contact mode, the ripple pattern
regularity and quality can also deteriorate for the higher
number on scans over the surface. This premise was
supported by the experimental observation on the basis
that repetitive scanning of the same square (same
scanning parameters) increases the roughness of the
scanning area (Figures 2a-h). Thus, the ripple structure
could be formed only in the first stages of scanning, while
the more pronounced tip-surface interaction leads to the
significant increase of surface roughness, which is more
pronounced for higher applied forces. It was determined
that the surface roughness increases either with number of
consecutive scans and applied force on the polymer
surface. The input parameters for optimal nanostructure
was estimated for the highest applied load 150 nN, where
regular pattern with periodicity of approx. 100 nm and
height of approx. 8 nm was achieved (Figure 4). The
dependence of surface roughness on the applied force of
the AFM tip decreases with the force reaching its maximum
for applied force 150 nN and 10 consecutive scans of the
same area.
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Figure 3 The dependence of the roughness
on the number of consecutively applied
scans of PEI surfaces for applied loads 25,
50, 75 and 150 nN

11.4 nm

7 Data
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Figure 4 The representative AFM image (A) with line analysis (B) acquired for the PEI sample treated with
150 nN (1st scan, 0.5x0.5 um2)

4. CONCLUSION

We have confirmed that AFM modification with an appropriate input of scanning parameters can lead to the
construction of an ordered ripple pattern on the surface of polyetherimide films. The applied load on the surface
of polymer can induce the ripple pattern even after the first scan for higher applied forces, while with decrease
of applied force the number of consecutively applied scans increases. The orientation of the ripple pattern is
determined by the material re-distribution on the surface that is strictly determined by the shape of the tip and
most of all, the applied force on the surface. The relatively uniform pattern on the surface of PEI can be
constructed for higher applied forces (up to 150 nN) with the pattern width of approx. 100 nm and pattern
height approx. 8 nm. In comparison with the treatment of polymer surface with excimer laser light the scanning
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with silicon tip was successfully applied for the PEI nanostructuring with low height and relatively uniform

shape.
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